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IMTROOUCTION 


The  general  purpose  of  this  study  (s  to  examine  the  effects 
of  limbic  and  hypothalamic  lesions  on  the  food  intake  and  hoarding 

In  1954,  Steliar  presented  a neural  model  of  motivation. 

The  model  relied  on  the  concept  of  excitatory  and  inhibitory  hypo- 
thalamic center  with  most  basic  drive  states  of  the  animal  controlled 
by  Che  reciprocal  Influences  of  the  respective  centers.  Although 
Stellar’s  model  did  consider  cortical  and  thalamic  influences  on  the 
hypothalamic  centers,  no  mention  was  mede  of  limbic  forebreln  influences. 
Over  succeeding  years,  however,  greater  attention  was  paid  to  the 
role  of  the  limbic  system  with  respect  to  basic  drives.  Morgana 
(1964)  (ten  years  after  the  appearance  of  Stellar’s  model)  stressed 
the  importance  of  the  participation  of  the  entire  nervous  system  in 
basic  drive  behaviors.  In  particular  he  emphasized  the  importance 
of  ilmbic-hypotha lami c-midbrain  Interactions  with  respect  to  basic 
behaviors  such  as  feeding  and  drinking. 

This  view  was  well  substantiated  by  the  work  of  such 
researchers  as  Robinson  (1964),  firossman  (1964),  Fisher  and  Coury 
(1964) , and  Morgana  and  Kosman  (I960) , These  authors,  using  both 
electrical  and  chemical  stimulation,  and  ablation  of  limbic  forebreln, 
demonstrated  changes  In  the  eating  and  drinking  behaviors  of  experimental 


anf ma Is, 


Nauta  (1963)  presented  an  anatomical  analysis  of  limbic* 
hypothaiatnic  structures  which  Morgane  (196**)  deveioped  into  a 
I imbic-hypotha iamic-midbrai n circuit  to  subserve  such  basic  behavior 
patterns. 

Little  work  appears  to  have  been  done  on  role  of  hypotha lamic- 
llinbic  interactions  In  more  complicated  behavior  patterns  such  as 
Che  hoarding  of  food  seen  In  rodents  (Smith  and  Ross,  1953a). 

Hoardino  Behavior  in  Rodents 
Effects  of  food  deprivation 

Wolfe  (1939)  appears  to  be  the  first  researcher  to  study 
hoarding  under  laboratory  conditions  and  his  design  became  the 
prototype  for  later  experiments.  It  consisted  of  allowing  the  animal 
to  enter  a runway  from  its  home  cage,  collect  pellets  placed  at  the 

have  placed  some  time  limit  cm  the  amount  of  time  the  animal  is  allowed 
to  hoard.  A period  of  thirty  minutes  seems  to  be  favored. 

Wolfe  reported  two  major  findings.  Rats  raised  on  what 
Wolfe  claimed  to  be  a nutritionally  Inadeguace  diet  proved  to  be 
Inferior  to  controls  when  both  were  tested  on  hoarding  as  adults. 

Wolfe  also  found  chat  rats  raised  on  a liquid  mash  diet  showed  a 
reduction  on  adult  hoarding. 

Further  research  was  carried  out  on  the  hoarding  behavior 
of  the  rat  by  Morgan,  Stellar  and  Johnson  (1943)  and  Stellar  and 
Morgan  (1945).  They  found  chat  it  was  necessary  to  deprive  the 


anlmsU  prior  to  testing  In  order  to  produce  s significant  arnount 
the  behavior.  Indeed,  Stellar  and  Morgan  (1945)  concluded  that  di 
vatlon  was  the  most  important  factor  in  initiating  hoarding.  HosI 
researchers  using  the  rat  have  tended  to  use  pre-test  deprivation 
induce  the  behavior.  Deprivation  does  not  seem  to  play  a verv 
important  role  in  the  hoarding  behavior  of  the  moose  or  hamster, 
fact  Smith  and  Ross  (1953a)  report  tiiat  deprivation  reduces  the  ai 


f deprivation  does  appear 
nd  Ross,  1950;  Bunnel 
s unnecessary  to  initiate 
hamster  (Waddell,  1951; 

o influence  adult  hoarding 


of  pellets  hoarded  by  the  mouse.  A period  ■ 
to  increase  hoarding  in  the  hamster  (Smith 
and  Hatalka,  unpublished),  but  deprivation 
or  maintain  a high-level  of  hoarding  in  the 
Bunnell  and  Matalka,  unpublished). 

Deprivation  as  weanlings  appears 
In  the  rat.  Rats  placed  on  a food  deprivation  schedule  after  weaning 
hoarded  a greater  number  of  pellets  than  non-deprived  controls  when 
both  groups  were  tested  as  adults  (Hunt,  1941;  i 
Solomon,  and  Stellar,  194?).  On  the  other  hand,  McKeWey  a 
(1951)  “Sing  both  male  and  female  r 
deprivation  of  woanli 


s reported 
t eppear  to  incre 
when  tested  as  adults.  However,  there  did  appear  to  be  a 
In  the  hoarding  of  the  weanling  food-deprived  males  over  i 

Porter,  Webster,  and  Ucklider  (1951)  studied  C 
of  age  and  food  deprivation  on  the  hoarding  behavior  of  t 
Their  results  indicated  t 


, Schlosberg, 


t food  and  water 
their  hoarding 


e control 


e number  of  pellets  hoarded  increased 


snimdis'  age.  Porter,  Webster, 


IlnearTy  with  the  logarithm  of  the 
Llckllder  claimed  that  they  obtained  a significant  amount  of  hoarding 
without  depriving  their  rats.  Waddell  (1951]  compared  his  hamster 
data  to  Porter's  et  al.  non-deprived  rat  data,  Allowing  for  the 
difference  In  body  weight  between  the  rat  and  hamster,  Waddell  found 
that  ^e  hamster  hoarded  approximately  four  and  one-half  times  as 


A number  of  environmental  factors  have  been  shown  to  be  of 
Importance  for  hoarding.  HcCleary  and  Morgan  (191*6)  found  that  low 
temperatures  would  produce  hoarding  In  the  rat.  In  fact  there  appeared 
to  be  an  Inverse  relationship  between  the  number  of  pellets  hoarded 
and  the  ambient  temperature.  Smith  and  Aoss  (1959b),  however,  found 
that  temparatures  balow  59^  f.  Inhibited  hoarding  In  the  mouse. 

Familiarity  with  the  home  cage  has  been  shown  to  be  an 
Important  factor  in  the  hoarding  behavior  of  the  rat  (VIek  and  Kf I ler, 
1944).  They  found  that  rats  would  not  hoard  pellets  in  a strange 
cage.  Killer  and  Viek  (1944)  reported  that  the  rats  "familiarity" 
with  the  cage  appeared  to  be  based  on  olfactory  rather  then  visual  cues. 

Stellar,  Hunt,  Schlosberg,  and  Solomon  (1952)  examined 
the  affects  of  Illumination  of  the  hoarding  alley.  They  hypothesized 
that  lighting  tha  alley  would  magnify  the  difference  in  hoarding 
between  weanling  food-deprived  rats  and  normals.  They  believed  that 
since  light  Is  an  aversive  stimulus  for  rats,  lighting  the  runway 
would  Inhibit  the  normals  but  have  less  effect  on  the  presumably  more 


notivateii  experlrrenca  Is.  Much  to  their  surprise  both  groups  hoarded 
more,  although  the  tontrols  were  sti 1 1 inferior  to  the  Infant  deprived 
group.  The  authors  related  their  results  to  9lndra's  [1946a)  "security" 
hypothesis.  Blndre  found  that  rats  that  were  nen-hearders  in  an 
enclosed  runway  situation  would  hoard  In  an  open  runway.  Blndre's 
explanation  was  that  non-hoarders  In  the  closed  runway  felt  secure 


however,  the  rat  felt  Insecure  and  would  return  to  the  home  cage 
with  the  pel  let, i nstead  of  eating  It  on  the  spot. 
gmotiona 1 1 tv 


Hess  (1953)  studied  "shyness"  In  rats  as  a factor  I 
e experimental  situation  was  simitar  to  BIndra's.  He 
as  those  which  would  not  enter  an  open  runway  for  at 
linutes.  Non-shy  rats  were  those  which  would  enter  th 


In  five  minutes  or  less.  Non-shy  rats  hoarded  more,  using  the  open 


runway,  but  this  Is  not  surprising  since  the  hoarding  trial  was  only 
one-half  an  hour  long,  However,  the  shy  rats  hoarded  more  pellets 
In  a closed  runway  than  non-shy  rats.  Hess  mentions  Chat  his  results 
confirm  BIndra's  (t948a).  TTiis  Is  Interesting  since  their  results 
appear  to  be  opposite.  Apparently  Hess's  shy  rats  wore  more  "Insecure" 
than  BIndra’s.  Stansn  (1955)  took  Che  opposite  tack  and  studied  hoard- 
ing and  aggressiveness  In  a paired  fighting  situation  and  attempted 
to  correlate  the  results  of  this  test  with  hoarding  scores.  Ha  failed 
CO  find  a significant  correlation  between  aggressiveness  and  hoarding. 
Smith  and  Powell  (1955)  attempted  to  correlate  measures  of  emotionality 


with  tSe  hoarding  behavior  of  mice.  They  measured  three  strains  of 
mice  on  variables  such  as  latency  of  movement  into  an  open  field, 
latency  of  movement  Into  the  hoarding  alley,  and  defecation  in  the 
open  field.  The  Intrastrain  analysjs  of  these  variables  and  the 
amount  hoarded  by  each  strain  failed  to  reveal  a significant 
relationship,  although  there  did  appear  to  be  consistent  relationships 
within  the  strains.  For  example,  the  B albinos  overall  had  the  longest 
latencies  of  movement,  the  highest  defecation  and  urination  scores, 
and  also  Che  largest  nimiber  of  pellets  hoarded.  Within  the  9 albino 
strain,  however,  the  relationship  Is  reversed;  the  better  hoarders 
are  those  animals  with  low  latency  scores. 


Strain  differences  in  hoarding 

The  above  studies  appear  to  Indicate  that  strain  differences 
In  emotionality  are  important  in  the  hoarding  behavior  of  Che  rat 
and  mouse.  SCanin  (ISSM  has  demonstrated  specific  strain  differences 
In  the  rat.  Staiim  found  that  hlaclt-hooded  rats  were  significantly 
superior  to  Irish  and  brow-hooded  strains  on  various  measures  of 
hoarding  behavior.  Scaim  found  that  the  black-hooded  rats  had  lower 
starting  latencies,  collected  more  pellets,  and  maintained  hoarding  in 
the  post-deprivation  period.  Stem  (1956)  selectively  bred  high 
end  low  hoarding  strains.  The  FI  generation  had  hoarding  scores 
similar  to  Che  high  hoarding  strain.  When  the  FI  generation  was 
backcrossed  to  the  low-hoarding  strain,  bimodal  hoarding  scores  were 
found  in  the  backcross  generation.  This  suggested  that  hoarding  night 
be  primarily  influenced  by  one  gene  (Starm,  1956).  The  genetics  of 


hoardtng  have  also  been  studied  In  the  mouse  (LIndzey  and  HanosevIU, 
1964;  ManosBviti,  1965).  Btometrical  analysis  of  a selective  breeding 
experiment  (Kanoseviti  and  LIndzey.  1967)  showed  that  hoarding  in  the 
mouse  Is  influenced  by  genes  acting  additively. 

Experiential  factors 

Holland  (1954)  showed  that  prior  experience  in  the  hoarding 
alley  affected  the  later  hoarding  behavior  of  rats.  Holland's 
results  indicated  that  rats  allowed  to  explore  a hoarding  alley  con- 
taining food  showed  Improved  hoarding  when  later  tested  against  rats 
allowed  to  explore  empty  alleys.  Smith  and  Ross  (1953a)  found  that 
raising  mice  on  a liquid  diet  did  not  Interfere  wi th  later  hoarding, 
contrary  to  Uolfe's  (1939)  results  In  the  rat.  Bevan  and  Grodsky  (1958) 
raised  hamsters  under  four  different  conditions.  They  found  that 
hamsters  raised  on  a llfluld  diet  with  litter  on  their  cage  floor  showed 
the  greater  deficit  In  adult  hoarding.  The  remaining  groups  showed 
a decreased  deficit  in  hoarding  In  Che  following  order:  liquid  diet 
and  wire  mesh  floor,  pellets  and  littered  floor,  pellets  and  wire 
mesh  floor.  These  results  would  seem  to  Indicate  that  the  opportunity 
to  manipulate  pellets  is  Important  for  adult  hoarding  in  the  hamster . 
Phvsioloaical  factors 

Attempts  have  been  made  to  determine  the  physiological 
Bases  of  hoarding.  Stellar  (1943)  administered  Insulin,  glucose, 
and  epinepherine  to  rats  in  an  effort  to  alter  the  hunger  state  of  the 
animals.  If  hoarding  Is  related  to  hunger  such  manipulations  would 
be  expected  to  influence  hoarding,  Neither  Insulin  or  glucose  seemed 


CO  affect  hoareUng,  however;  though  eplnepheriee  eppeared  to  suppress 
it.  Stellar  (1951)  cried  to  determine  if  alterations  In  metabolic 
rate  would  affect  hoarding.  Although  thyroldectoiny,  thiouracll 
treatment,  and  thyroxine  injections  produced  the  expected  changes 
In  metabolic  rate,  none  of  the  treatments  had  a significant  effect  on 
hoarding.  Smith,  Arawdyun,  Ross  and  WIsehaupt  (195**)  adrena lectomized 
hamsters  and  found  ^ac  it  reduced  their  hoarding  activity. 

Zubeclt  (1951)  reported  that  lesions  anywhere  on  the  cortex 
of  the  rat  Increased  Its  hoarding.  Stamn  (1953),  however,  found  that 
cortical  lesions  produced  a deficit  In  hoarding.  Stamm  did  not 
find  any  significant  relationship  between  the  degree  of  deficit 
observed  and  the  size  of  the  lesion,  general  location,  subcortical 
damage,  or  preoperative  hoarding.  Stamn  did,  however,  find  a correl- 
ation between  the  hoarding  deficit  end  damage  to  the  midline  of  the 
rat's  brain.  Staiim  (195Ab)  placed  lesions  in  the  median  cortex.  These 
lesions  produced  a significant  reduction  in  hoarding  behavior,  although 
lateral  cortical  lesions  did  not.  Similar  results  have  been  obtained 
In  the  hamster  following  median  cortex  lesions  (Bunnell  and  Finder,  1964). 
Explanations  of  hoarding  behavior 

Several  hypotheses  concerning  the  nature  of  hoarding  have 
been  proposed.  Morgan  (194?)  simply  Identifies  hoarding  as  an  instinctive 
behavior.  The  behavior  is  triggered  by  the  crossing  of  a physiological 
threshold  Induced  by  deprivation.  This  is  the  so-called  deficit  hypo- 
thesis (Morgan,  Stellar,  and  Johnson,  1943)-  Morgan,  et  al.  (1943) 


affect 


behavior.  They  concluded  that  the  goal  of  hoarding,  once  Initiated, 
was  the  activity  of  hoarding  Itself.  Killer  (1945)  was  able  to  confirm 
Korgan,  Stellar,  and  Johnson's  (1943)  results.  Miller  and  VIek  (I9S0) 
tested  rats  In  an  alley  with  five  food  bins  at  varying  lengths  front 
the  home  cage.  The  rats  did  not  preferentially  hoard  from  the  food 
bln  nearest  the  home  cage , but  instead  hoarded  egua I ly  from  all  five 
bins.  Milter  and  1/iek  concluded  that  this  inefficient  pattern  of 
hoarding  indicated  that  the  goal  of  hoarding  In  the  rat  Is  the  activity 
itself,  as  Morgan,  Stellar,  and  Johnson  (1943)  hypothesized. 

Blndra  (1948a)  was  unable  to  demonstrate  changes  In  hoarding 

BIndra  rejected  Che  deficit  hypothesis  and  went  on  to  develop  the 
security  hypothesis,  already  discussed,  Blndra  (1959)  discusses 
his  earlier  results  In  terms  of  the  shyness  of  the  rats  used,  but 
neglects  the  findings  of  Hess  (1953),  who  obtained  opposing  results, 
using  an  open  runway  simf  lar  to  Bi ndra 's  (1948b) . Although  f t would 

with  environmental  factors  to  affect  hoarding  In  the  rat,  BIndra's 
security  hypothesis  so  far  has  been  useful  only  as  a post  hoc  explan- 
ation for  unexpected  results  (I.e,,  Stellar  et  al,,  1952). 

Karx  (1950a)  presumes  that  hoarding  Is  learned.  He  considers 
hoarding  to  be  the  chaining  of  a number  of  Independently  learned  acts, 
such  as  pellet  seizing  and  carrying.  These  Independent  motor  acts  are 
integrated  by  Che  primary  reinforcement  of  food  and  sane  possible 


secondary  reInforcers  such  as  jaw  movomencs.  Marx  ( )950b) , Harx  (1951)* 
Karx  (1957] > and  Harx  and  Brownstaln  (1997)  sachared  evidence  co 
demonstrate  that  the  pellets  hoarded  functioned  as  prl*nary  reinforcers 
for  hoarding  activity.  The  results  of  these  studies  Indicated  that 
deprivation  of  pellets  hoarded  under  varying  levels  of  drive  had  little 
effect  on  the  hoarding  behavior  of  the  rat,  except  under  conditions 
of  high-drive  where  an  interference  took  place.  Harx  and  Brownstein 
(1957)  concluded  that  the  terminal  reinforcement  of  the  hoarded 
pellets  wes  unnecessary  for  Che  Integration  of  hoard-behavior.  Harx 
apparently  has  not  attempted  any  further  analysis  of  hoarding  in 


learning  theory  terms. 

All  in  all,  most  of  the  studies  of  hoarding  behavior  In  the 
rat  or  ecuse  are  of  dubious  relevance  for  hersster  work.  It  has  been 
mentioned  that  deprivation  is  unnecessary  to  initiate  or  maintain 


will  hoard  on  the  very  first  trial  though  they  have  never  been  in  the 
runway  before.  Although  there  Is  considerable  variability  in  the 
amount  hoarded  from  hamster  to  hamster,  most  tend  to  hoard  from  two 
to  four  times  their  body  weights  over  a twenty-minute  test  period. 

The  key  to  the  hamster's  hoarding  behavior  lies  In  the  fact 


woodchuck  store  body  fat  prior  to  hibernation 
1955).  The  golden  hamster,  European  hamster 
and  the  giant  rat-headed  hamster  (Loukashkin, 


the  ground  squirrel  and 
(Lyman  and  Chatfleld, 

(Lyman  and  Chatfleld,  1955), 
I9U>)  store  food  before 
wn  that  hamsters  with  large 


hibernation.  Lyman  (IgS**)  has 


scores  of  food  In  their  00905  tend  to  enter  hibernation  significantly 
faster  than  animals  with  just  a dally  ration  of  food.  Lyman  (195^) 
concludes  that  the  hamster  needs  to  hoard  to  hibernate.  The  hamster 
frequently  awakens  from  hibernation  In  order  to  eat. after  which  he 
resumes  hibernation  (Lyman,  19^6).  It  would  appear  then  that  the 
hamster  hoards  to  prepare  for  future  hunger  during  hibernation.  The 
hamster  hibernates  when  exposed  to  low  temperatures,  but  hoards* 
at  higher  temperatures  In  preparation  for  this  state. 

tfentromedfal  KvpothalamTc  Nuclei: 

The  hoarding  behavior  of  Che  hamster  would  appear  to  be 
food-motivated  behavior.  One  area  of  the  nervous  system  which  has 
been  shown  to  be  important  in  feeding  behavior  is  the  ventromedial 
portion  of  the  mammalien  hypothalamus.  Although  the  relationship 
of  the  ventromedial  nuclei  to  hoarding  behavior  has  not  been  pre- 
viously investigated,  there  Is  a considerable  body  of  literature  con- 
cerning their  role  In  feeding  behavior. 

The  question  of  hypothalamic  involvement  in  Ingestlve  behavior 
was  first  raised  by  the  obesity  seen  in  humans  suffering  from  pituitary 
tumors.  The  changes  produced  by  these  tumors  became  known  as  Frohlich's 
Syndrome.  Frohlleh  (IgW)  felt  that  the  primary  cause  of  the  obesity 
was  pituitary  damage.  Roseniwalg  (1963)  has  reviewed  the  controversy 
between  Frohlleh  and  Erdhelm,  who  believed  that  the  obesity  was  pro- 
duced by  hypothalamic  injury.  Although  many  experiments  tended  to 
support  Che  idea  Chat  hypothalamic  damage  was  Che  primary  causa  of  the 


12 

obesity,  ic  wes  not  until  tbe  development  of  the  stereotaxic  technique 
that  the  question  was  resolved.  Using  the  stereotaxic  inethod, 

Hetherington  and  Ranson  (1940)  showed  that  damage  to  the  ventromedial 
hypothalamic  nuclei  appeared  to  produce  obesity. 

The  question  then  arose  as  to  the  primary  effect  of  the 
lesion,  hetherington  and  Ranson  (1942)  suggested  that  the  lesion 
produced  a metabolic  change  such  that  Che  animal  was  unable  to  utilize 
Its  body  fat.  Other  researchers  (Brobeck,  Tepperman  and  Long,  1943i 
and  Tepperman,  Brobeck  and  Long,  1943)  were  unable  to  find  any  clear 
changes  In  metabolism  following  ventromedial  lesions.  Examination 
of  the  oxygen  consumption  and  respiratory  quotients  of  ventromedial 
lesloned  rats  fai led  to  show  any  significant  changes  directly  attri- 
butable to  hypothalamic  injury.  In  addition,  ventromedial  lesloned 
rats  could  apparently  lose  weight  when  deprived  of  food,  and  did  not 
become  obese  when  restricted  to  normal  food  Intake  (Brooks,  1946;  Brooks 
and  Lambert,  1946).  Brooks,  Lockwood,  and  Wiggins  (1946)  reported 
essentially  similar  results.  Brooks,  Narine,  and  Lambert  (1946)  also 
indicated  that  the  food-feces  ratio,  a measure  of  intestinal  absorption, 
was  normal  In  ventromedial  rats. 

The  Inability  of  these  researchers  to  discover  metabolic  deficits 
In  ventromedial  rats  led  to  attempts  to  investigate  the  feeding  patterns 
of  these  anima Is.  Brobeck,  Tepperman,  and  Long  (1943)  introduced  the 
phrase  "hypothalamic  hyperphagia"  to  describe  the  Ingestive  behavior. 

They  also  observed  chat  the  hypothalamic  animals  showed  two  distinct 
phases  of  food  consumption.  The  first  is  the  "dynamic"  phase  occurring 


postoperative ly.  During  the  dynamic 


the  animal  typically  eats  two  to  three  times  as  much  as  normal  and  gains 
weight  rapidly.  Eventually  the  animal's  food  Intake  decreases  towards 
preoperatlve  levels  and  the  animal's  weight  levels  off  and  remains 
stable,  but  at  a high  level,  This  is  referred  to  as  the  static  phase. 

Since  there  appeared  to  be  no  metabolic  deficits  in  hypothalamic 
hyperphagics , most  studies,  until  very  recently,  tended  to  focus  on 
the  feeding  behavior  of  the  hyperphagic  animal.  Kennedy  (1350)  made 
the  Important  discovery  that  obese  ventromedle Is  decreased  their  food 
intake  and  lost  weight  when  their  food  was  adulterated  with  kaolin, 

Adolph  (1947),  hcjwever,  had  shcswn  that  normal  rats  will  increase  their 
Intake  when  their  food  i s di luted  wl ch  sow  inedible  substance.  Mil ler, 
Bailey,  and  Stevenson  (1950)  found  a similar  result  with  obese  rats 
that  presumably  had  received  ventromedial  lesions.  They  found  a 
decrease  In  focbd  consumption  after  addition  of  quinine  to  the  animal's 
diet.  Teltelbeum  (1955)  n^de  a more  systematic  study  of  this  effect. 

He  found  that  the  addition  of  as  little  as  25%  cellulose  or  0.125% 
quinine  produced  almost  total  cessation  of  eating  in  obese  hypothalamic 
hyperphagics.  Dynamic  hyperphagics  were  little  affected,  and  did  not 
fall  to  the  intake  lave  I of  normals  until  75%  adul teration  of  their 
food  with  cellulose,  nor  were  they  significantly  affected  by  quinine. 

On  the  other  hand,  normals  decreased  their  Intake  with  a 5(^  dextrose 
diet,  >*ile  obese  hypotha lami cs  overate  on  this  diet.  Oynamic  hyper- 
phagics continued  to  eat  the  same  quantity  of  food,  which  in  this  case 
amounts  to  an  increased  caloric  Intake.  Teitelbaum  concluded  that 


obese  hyperohagtc  rats  ware  sensitive  to  the  stimulus  characteristics 
of  the! r diet. 


I^iller,  fiaitey,  and  Stevenson  (1950]  had  shown  that  in 
addition  to  a decrease  in  Food  consmption , hypotha lamlc  iesloned  rats 
showed  deficits  on  certain  tasks  designed  to  measure  motivation.  On 
tasks  such  as  lever  pressing,  pushing  a weighted  lid  off  a Jar,  latency 
in  running  a runway,  strength  of  pull  on  a harness,  the  hypotha lami cs 
were  deficient.  All  of  the  tasks  used  food  as  a reward  and  only  on 
approach  to  a food  cup  protected  by  an  electrified  shield  did  the  hypo- 
tha lamics  show  no  significant  dlffer,ences  from  normals.  They  Interpreted 
the  data  to  mean  that  although  hypothalamic  rats  showed  increased  food 
consumption  the  rats  were  actually  not  as  motivated  as  normal  animals 
to  obtain  food.  Teltelbaum  (1957)  studied  the  random  and  food-directed 
activity  of  hyperphagic  rats.  He  found  that  the  random  activity  of 

also  showed  that  the  obese  animals  showed  very  poor  performance  on  a 
fixed  ratio  bar  pressing  schedule,  The  dynamic  hyperphagics  were  also 
Inferior  to  normals,  but  were  markedly  superior  to  the  obese  rats. 
Teltelbaum  (1961)  stated  that  motivation  is  weaker  in  the  hyperphagic 
rats  even  though  they  overeat. 

Taitelbaum  and  Campbell  (1956)  Investigated  the  feeding  patterns 

tic>re  often  than  normals,  nor  do  they  eat  any  Faster.  Hyperphagic  rats 
do  eat  for  a longer  time  once  tiiey  have  begunj  however,  on  a solid  diet 
they  eat  more  frequently.  Teltelbaum  and  Campbell  (1958)  suggest  that 


solid  diet  Is  probably 


more  frequent  eating  on  the 
the  greater  bulk  of  a solid  diet  prevents  tbe  enlmel  from  obtaining  as 
many  calories  per  meal.  This  would  actually  demonstrate  tKat  the  hyper- 
phaglcs  are  regulating  their  calories.  Williams  and  Teitelbaum  (1959) 
presented  further  proof  of  caloric  regulation.  By  diluting  a liquid 
diet  with  water  they  demonstrated  that  both  normal  and  hyperphaglc  rats 
would  increase  Che  number  of  meals  they  ate  to  maintain  a constant 

The  results  of  these  studies  leave  us  with  a rather  peculiar 
picture,  best  described  by  Teitelbaum  (1961).  He  describes  Che  hypo- 

increased  hunger,  who  regulates  Its  calories  but  Is  hypersensitive 
to  the  pa  lability  of  Che  diet.  It  Is  questionable  chat  the  data  on 

truly  less  motivated  for  food.  Both  Falk  (1961)  and  Reynolds  (1965) 
have  criticlaed  the  concept  of  lowered  motivation  In  the  ventromedial 
rat,  painting  to  certain  deficiencies  In  the  Hiller,  Bally,  and 
Stevenson  (1950)  study.  One  of  the  fi rst  d if f iculties  wl th  the  Hi  I ler 
et  el.  study  was  the  fact  that  only  four  out  of  eleven  operated  rats 
showed  the  primary  characteristic  of  hypothalamic  hyperphagls,  that  Is, 
increased  food  Intake  and  concomitant  obesity  on  ordinary  lab  chow. 
Although  these  animals  did  eventually  become  obese  on  a palatable  high- 
fat  diet,  it  is  possible  that  their  lesions  were  comparable  to  those 
placed  more  laterally  In  the  ventromedial  nuclei  and  produced  finicky, 
non-obese  animals  (Braff  and  Stellar,  1962).  It  is  impossible  to  say 


lesions  In  tills  study  because 


anything  atnut  the  exact  locus  of  the 
histology  was  presented.  Host  of  the  tasks  used  by  Killer  and  his 
co-workers  were  strongly  confounded  with  the  activity  level  of  the 
animal  as  1$  the  fixed  ratio  bar  press  schedule  used  by  Teltelbaum 
(1957)*  Falk  points  out  that  the  ventromedial  animal  must  be 

considered  a low-activlty  preparation,  Hetherington  and  Aanson  (1942), 
Brooks  (1946),  and  Teltelbaum  (1997)  have  all  found  lowered  activity 
in  both  dynamic  and  obese  hyperphagics.  Giadfelter  and  Brobeck  (1962) 
found  that  damage  to  the  medial  hypothalamus  between  the  preoptic 
and  premarmi I lary  area  produced  hypoectivity  in  the  rat.  The  hypo- 
activity  appeared  to  be  Independent  of  other  effects  of  the  damage. 

Falk  (1961)  has  examined  Che  bar  pressing  activity  of  hypothalamic 
hyperphagics  in  the  dynamic  phase.  Falk  used  a variable  interval  I* 
schedule  instead  of  a fixed  ratio  schedule.  He  found  that  Che  ventro- 
medlals  Increased  their  response  rate  postoperativeiy.  He  also 
found  a significant  correlation  between  the  increase  in  responses 
and  Che  weight  eventual ty  attained  by  the  animal.  The  results  of  this 
study  do  not  seem  to  be  compatible  with  the  claims  of  lower  motivation 

It  would  also  appear  that  Che  increased  sensitivity  to 
changes  in  palatabllity  of  food  observed  In  obese  hypothalamic  rats 
Is  due  to  their  obesity.  Kennedy  (1950)  reported  that  older,  naturally 
fat  rats  also  show  a decrease  in  food  Intake  If  kaolin  Is  added  to 
their  diet.  Similarly,  Teltelbaum  (1955)  concluded  chat  i C was  the 
obesity  of  the  static  hypothalamic  rats  which  was  responsible  for  their 


hypersensi  tWI Cy  Co  stimulus  properties  of  Che  diet.  The  results  of 
the  dypami c hyperpheglcs  In  Tei Cetbaum's  study  ere  not  et  a 1 1 In  agree- 
ment with  a hypothesis  of  lowered  motivation  for  food,  Hiller  0955) 
has  added  to  the  confusion  by  stating,  "Under  somewhat  different  con- 
ditions which  are  not  yet  well  understood  by  us  the  rats  with  hypotha lamlc  . 
lesions  cannot  only  eat  more,  but  also  work  harder  for  food." 

Hyperphagla  and  obesity  have  been  reported  In  several  species 
following  ventromedial  hypothalamic  lesions.  Kayer,  French,  Zlghera, 
and  Barnett  (1955)  reported  on  the  mouse,  Hamilton  and  Brobeck  (195^)  on 
Che  monkey,  Wheatley  (I9hl)),  and  SkulteCy  (1966)  on  Che  cat.  All  of  these 
species  seem  to  show  a dynamic  and  static  phase  similar  to  Chet  observed 
In  the  rat.  Few  studies  investigating  Che  food-motivation  behavior  of 

HamI I ton  and  Brobeck  ( I96A)  found  no  def id  ts  in  hypotha lamlc  monkeys 
tested  with  quinine  edulteracion  or  on  a fixed  ratio  schedule;  also 
the  lesloned  animals  Increased  in  dominance  In  a food  motivated  situa- 


tion but  not  In  dominance  test  using 
flayer  (1955)  tested  hypothalamic  mice 
animals  did  not  exhibit  any  Tmpairmen 
Although  there  are  several 


shock  moti vacion,  Anllker  and 
s on  an  FR  25-1  schedule.  These 
It  of  performance, 
theories  of  the  role  of  the 


ventromedial  nuclei  In  the  regulation  of  hunger,  only  Che  two  major 


theories  will  be  discussed  at  this  time.  These  two  theories  are  known 
as  the  "glucostatic"  and  the  "llpostatic"  theories,  flayer  (1955)  Is  the 
author  of  Che  glucostatic  theory.  The  core  of  this  theory  is  chat 


h utilization  of  glucose  by  body  cells; 

he  difference  between  A-V  glucose  levels 


hunger  will  be  correlated  w 
flayer  (I95S)  suggests  that 

Is  large  considerable  glucose  Is  available  to  Che  body  cells,  and  con- 
sequently, Che  organism  should  be  sated.  When  A-V  differences  are  low 

Mayor  (1955)  Indicates  that  manloulaclon  of  the  A-V  glucose  level 
supports  Che  above  assertions.  Hayer  (1955)  also  postulates  the  exist- 
ence of  g lucoreceptors  In  the  ventromedial  area.  These  would  respond 
to  Che  level  of  glucose  In  the  blood  and  regulate  feeding  accordingly. 
Initially,  the  destruction  of  the  ventromedial  nucleus  In  mice  by 
goldthiog lucose  injection  (Marshal,  Barnett,  and  Mayer,  1955)  was  taken 
as  evidence  for  g lucoreceptors.  Liebelt  and  Perry  (1957)  showed  that 
destruction  was  present  throughout  hypothalamus  and  fornix  of  the  rat 
following  GTG  injection,  so  the  effect  may  he  very  specific  to  mice, 

Jsing  e lectrophysiologlca 1 techniques  Anand,  Due,  and  Singh  (1951)  and 
Anand,  China,  Sharma,  Dua,  and  Singh  (1954)  have  shown  that  neurons 
In  the  ventromedial  area  of  cats  respond  with  Increased  firing  rates 
with  high  A-V  glucose  differences  and  lowered  firing  with  decreased 
A-V  differences.  Although  their  results  are  compatible  with  the 
glucostatlc  theory.  Cress  (1964)  has  criticized  this  study  on  the 
grounds  that  the  blood-glucose  levels  produced  were  300-400%  higher 
than  normal.  Cross  doubts  that  such  gross  manipulations  bear  any 
relationship  to  normal  physiological  response.  At  present  It  would 
appear  that  the  existence  of  g lucoreceptors  has  neither  been  conclusively 


proven  or  dlsproven. 


The  second  major  theory  dealing  with  regulation  of  hunger 
is  the  so-called  llposcatic  theory  first  proposed  by  Kennedy  (1953)- 
This  theory  postulates  Che  existence  of  some  metabolite  related  to  fat 
deposits  to  which  cells  located  in  the  ventromedial  area  are  sensitive, 
hervey  {1959)  using  parabiotic  rats  showed  that  when  one  of  the  pair 
becomes  obese  after  a hypothalamic  lesion,  Che  other  animal  eats  less 

the  increased  fat  deposits  and  its  feeding  behavior  was  correspondingly 
inhibited.  Haessler  and  Crawford  (1965)  obtained  similar  results 

was  added  by  Han  (1964),  who  was  unable  to  replicate  Harvey's  study. 
Attempts  to  Identify  the  circulating  metabolite  have  been  unsuccessful. 

Chat  the  rat  regulates  its  food  incalce  on  the  basis  of  Its  fat  scores. 
Hoebel  and  Teitelbaum  produced  hyperphagia  and  subseguenC  obesity  by 
means  of  insulin  injections.  Rats  made  obese  in  this  fashion  became 
anorexic  until  their  iveight  fell  to  normal  following  cessation  of 
insulin  treatment.  If  insulin  obese  rats  received  ventromedial  lesions, 
then  little  hyperphagia  and  weight  gain  was  observed.  Clearly  the 
normal  rat  regulates  its  food  Intake  on  the  basis  of  weight;  ventro- 
medial lesions  remove  his  ability  to  perform  this  function  and  Che 
animal  moves  to  a higher  weight  level.  However,  as  Hoebel  and 
Teitelbaum  (1966)  show,  he  still  regulates  his  weight,  for  if  the  rat 
is  force-fed  so  chat  his  weight  Is  driven  even  higher,  he  will  become 
anorexic  and  will  drop  back  to  the  level  of  obesity  attained  in  the 


static  phase.  Precisely  how  the  obese  hypotha laai! c animal  regulates 
his  weight  remains  a mystery;  certainly  the  ventromedial  hypothalamic 
nuclei  cannot  be  the  only  areas  of  the  brain  sensitive  to  fat  deposits. 

Although  only  two  theories  concerning  hypothalamic  regulation 
of  food  Intake  have  been  presented  here,  Anand  (I96I)  points  out  the 
importance  of  other  factors  such  as  temperature,  gastric  distention, 
and  learning  on  the  regulation  of  feeding. 


Hoarding  ai 


e Septa i huclei : 


0 Behavior 


In  general  there  appears  tb  be  a paucity  of  Information  con- 
cerning the  effects  of  septal  lesions  on  hoarding  behavior.  Septal 
lesions  placed  In  two  hamsters  appeared  to  produce  a deficit  In 
hoarding  (Bunnell  and  Hatalka,  unpublished).  It  would  appear  necessary 
to  test  the  effects  of  septal  laslons  on  the  hoarding  behavior  of  a 
r of  animals  before  any  conclusions  can  be  drawn  on  Che 
f the  septal  nuclei  In  hoarding  behavior, 

5 suggests  a possible  relationship  bi 
brain  and  ventromedial  hypothalamic  areas.  As  ' 
to  have  Investigated  Hmblc-hypotha lamic  anatomlea I c 
the  hamster.  A review  of  the  literature  reveals  s 
between  authors  on  septal-ventromedial  connections, 
the  distribution  of  fornix  fibers  have  been  I ncluded,  since  post- 
commisural  septal  lesions  almost  invariably  damage  fornix  fibers. 

Crosby  and  Weodburne  (1951).  Simpson  (1950).  Votaw  (I960)  all  report 
some  distribution  of  fornix  fibers  to  the  ventromedial  nuclei  of  the 


1965). 


n the  septal  fore- 


disagreement 
Studies  examining 


monkey.  Sprague  and  Heyer  <1950)  report  some  terminal  degeneration  In 
the  ventrcmiedial  nucleus  of  the  rabbit  following  fornix  damage  In  the 
rabbit.  Degeneration  in  the  ventromedial  area  could  not  be  demon- 
strated following  septal  or  fornix  damage  In  the  monkey  (Valenscein 
and  hauta,  1959);  cat  (Nauta,  l9S8i  Valenstein  and  Nauta,  1959);  guinea 
pig  (Valenstein  and  Nauta,  1959);  or  rat  (Guillery,  1957;  Nauta,  1956; 
Powell,  1963;  Katsman,  1965;  or  Valenstein  and  Nauta,  1959).  Nauta 
(1956)  did  report  some  degeneraticr  in  the  periventricular  system 
of  the  medial  hypothalamus.  Valenstain  and  Nauta  (1959)  reported  a 
simi lar  finding  in  the  guinea  pig.  I t would  appear  that  connections 
between  the  septal  and  ventromedial  areas  are  sparse,  if  in  fact  they 

Some  evidence  for  the  functional  relationship  between  septal 
and  ventromedial  nuclei  was  presented  by  Sutin  (1963).  Sutin  found 
that  responses  of  5-7  msec,  could  be  recorded  from  the  ventromedial 
nucleus  of  Che  cat,  following  stimulation  of  the  septal  area  above 
Che  anterior  commissure.  Stimulation  of  the  hippocampus  or  fornix 
fibers  did  not  produce  responses  In  the  ventromedial  nucleus,  indi- 
cating some  specificity  between  Che  ventromedial  and  septal  areas. 

Although  fornix  damage  (Ehrlich,  1963)  and  hippocampal 
lesions  (Kimble  and  Coover,  1966)  produce  Increases  In  food  Intake 
of  the  rat,  Che  body  weight  of  these  animals  does  rot  appear  to 
increase.  It  is  likely  that  the  food  Intake  increase  Is  secondary 
to  the  Increased  activity  of  these  animals  (Ehrlich,  1963).  The 
development  of  rJbesity  In  the  septal  hamster  appears  to  be  a unipuo 
finding  end  the  only  evidence  for  a sapta l-ventromedia I Interaction 


22 


Hoardlna  and  Feeilrna  Behavlnr 
Evidence  for  the  role  of  the  amygdala  In  hoarding  fs 
equally  as  sparse  as  that  for  the  septal  area.  Bunnell,  Sodetz,  and 
Shalloway  (1965)  reported  that  amygdala  lesloncd  hamsters  showed 
an  Increase  in  hoarding.  However,  these  animals  were  tested  in 
a social  dominance  situation  and  the  apparent  Increase  In  hoarding 
might  only  reflect  a disruption  of  social  behavior.  Amygdaloid 
lesloned  hamsters  appear  to  be  less  Interested  in  Che  other  test 


animal  and  the  apparent  Increase  in  hoarding  may  only  represent  a 
shift  of  Interest  to  Inanimate  compared  to  preoperative  behavior. 
Amygdaloid  lesloned  hamsters  should  be  examined  in  a situation 
specifically  designed  to  test  hoarding  to  determine  if  they  will 
show  an  absolute  increase  in  hoarding  behavior.  A relatively  exten- 
sive survey  of  the  literature  failed  to  reveal  any  other  attempts 
to  examine  the  effect  of  ain/gdeloid  lesions  on  hoarding. 

Several  studies  heve  implicated  the  amygdala  in  feeding 
behavior.  Anand  and  Brobeck  (1952)  reported  aphagla  In  rats 
following  amygdaloid  damage.  Breen,  Clemente,  and  DeCrooC  (1957) 
Indicated  chat  anterior  amygdala  lesions  interfered  with  eating 
In  the  cat.  However,  they  indicated  Chat  an  increase  in  food 
intake  occurred  in  cats  with  lateral  and  basal  nuclei  damage  (Horgane 
and  Kosman,  I960;  Koikegamr,  Fuse,  Hlrokl,  Kazami,  Kageyama,  1956; 
and  Wood,  1958).  Grossman  and 


Grossman  (1963)  found  transient 
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Increases  tn  food  Intake  after  small  posteroventra 1 amygdala 
lesions.  Similar  results  were  found  In  the  dog  following  amygdalold- 
filppocampal  damage  (Fuller,  Rosvoid,  and  Mirsky,  1357).  Amygdaloid 
ablation  produced  hyperphagia  In  the  monkey  (Schwartabaum,  1961). 

The  tendency  of  amygdaloid  lesions  to  produce  Increases  in  food 
Intake  would  appear  to  suggest  a relationship  between  at  least  cer- 
tain of  Che  amygdaloid  nuclei  and  the  ventromedia I nuclei, 

Nauta  (1961)  could  not  find  degeneration  In  the  ventro- 
medial nuclei  after  ablation  of  the  amygdala  In  the  nonkey.  Ban 
and  Omukal  (1958),  however,  traced  degeneration  through  the  stria 
terminalls  to  Che  ventromedia!  hypothalamus  of  the  rabbit,  after 
damaging  the  medial  and  cortical  amygdaloid  nuclei.  Aday  and  Meyer 
(1952),  Adey,  Rudolph,  Kine  and  Harrit  (1958)  reported  terminal  de- 
generation Tn  the  ventromedial  nuclei  of  the  monkey  following 
amygdaloid  damage. 

Sutifl  (1563)  was  able  to  record  responses  from  the 
ventromedial  nuclei  of  Che  cat, usually  with  a latency  of  8 msec, 
after  amygdaloid  stimulation.  In  general,  most  evidence  points  to 
an  Intimate  relationship  between  the  amygdala  and  ventromedial 
nuclei.  However,  the  lack  of  anatomical  and  e leccrophyslologf ca I 
data  on  the  hamster  makes  prediction  of  food  Intake  changes  following 


amygdala  damage  difficult. 


Purposa  and  Hvnothesf' 


A review  of  the  literature  would  seem  to  Indicate  that 
the  septal,  amygdaloid,  and  ventromedial  nuclei  all  appear  to 
play  a role  In  Ingestive  hehavior.  Little  evidence  exists  as  to 
the  role  of  these  structures  with  respect  to  an  unlearned  food 
motivated  behavior  such  as  hoarding.  The  evidence  collected  In  this 
laboratory  could  be  Interpreted  to  Indicate  a reciprocal  relation- 
ship between  the  septet  and  amygdaloid  areas  with  respect  to  hoarding, 
Possibly  the  septal  area  plays  a faci latory  role,  with  the  amygdala 
acting  as  Inhibitor  of  this  behavior.  It  Is  also  possible  that 
these  limbic  areas  act  upon  the  hypothalamus,  with  regard  to  hoarding 
in  much  the  same  fashion  that  King  (1958)  has  suggested  that  they 
act  with  respect  to  emotionality.  Qprtainly  they  might  interact 
with  an  area  shown  to  be  important  In  feeding  such  as  the  ventro- 
medial nuclei  of  the  hypothalamus.  It  would  appear  profitable  to 
examine  these  neural  areas  to  determine  their  respective  roles  In 
hoarding  and  feeding  behavior  of  the  hamster.  The  results  of  such  an 
Investigation  might  also  shed  some  light  on  possible  I Imbic-hypotha lamic 
interactions  with  respect  to  hoarding  and  feeding. 

Some  general  hypotheses  can  be  developed  on  the  basis 
of  the  studies  reviewed.  Septal  forebrain  lesions  might  be  expected 

The  apparent  obesity  of  septal  animals  would  suggest  that  they  will 
show  an  increase  in  food  intake.  8oth  hyperphagia  and  aphagia  have 
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^en  reported  following  amygdaloid  lesions, so  It  Is  difficult  to 
hypothesize  about  the  effects  of  amygdaloid  lesions  on  the  food 
Intake  of  the  hamster.  Anand  and  Brobeck  (1952)  have  reported  ml  Id 
aphagla  in  the  rat.  The  hamster,  being  a rodent, might  be  expected 
to  respond  In  a siml  lar  manner  and  shew  some  degree  of  aphagla 

Ventromedial  hypotiialamjc  damage  has  apparently  produced 
hyperphagta  and  concomitant  obesity  In  every  species  studied. 

same  effect  In  the  hamster,  If  ventromedial  lesions  do  in  fact 
decrease  food  motivated  behaviors,  hoarding  Is  also  likely  to  be 
decrea sad. 


METHOD 


rorty-fivo  male  Syrian  golden  hamsters  were  used  in  this  study. 
ATI  were  randomiy  bred  stock  obtained  from  Manor  Farms,  Staatsburg, 

New  York.  The  animals  were  divided  into  three  groups  designated  H«T, 

H-1 i , and  H - i IT . The  animals  were  further  divided  i nto  three  lesion 
groups:  a septal  group  designated  as  S.  an  amygdaloid  group  designated 
A,  and  a ventromedial  hypothalamic  group  designated  V.  Three  elect- 
rode Insertion  groups  were  also  run;  these  consisted  of  animals  who 
had  electrodes  Inserted  in  the  septal,  amygdaloid,  or  hypothalamic 
areas  and  withdrawn  without  current  being  passed.  These  were  respect- 
ively a ventromedial  hypothalamic  control  group  designated  VC,  a septal 
control  group  designated  SC,  and  an  amygdaloid  control  group  designated 
AC.  A normal  control  group  of  eight  hamsters  designated  NC  was  also 
run.  Four  animals  of  this  group  had  muscle  retracted  from  their 
skulls,  the  remaining  four  received  anesthetic  doses  of  nembutal. 

The  distribution  of  the  lesion  and  control  animals  over  the  three 
experlmanta I groups  Is  shown  In  Table  I. 

The  animals  of  group  H-l  were  approximately  six  months  old 

testing,  Croup  H-ll  animals  were  four  months  old  at  the  Initiation  of 
testing  and  nine  months  old  at  the  cessation  of  testing.  Croup  H-lll 

months  old  at  the  end, 
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Table  I 


Distribution  of  tbe  Experimental  and  Control  Animals 
Among  the  Three  Main  Experimental  Groups. 


Experimental  S A V SC  AC  VC  NC 
Croups 


H-l  I - 5 - - 2 2 

H-ll  5 6-2  2 - 2 


S ■ Septa i Group 

A = Amygdala  Group 

V * Ventromedial  Hvpothelamic  Group 

SC  = Septal  Control  Group 

AC  = Amygdala  Control  Group 

VC  a Ventromedial  Hypothalamic  Control  Group 

NC  • Normal  Control  Croup 


hits  or  gray.  A goi llotlno  door  opened  from  each  I 
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returnoel  to  the  colony  room  to  obtain  further  intake  and  nesting 

Food  and  water  intake 

Since  there  is  seme  variation  In  the  number  of  pre-and 
postoperative  intake  scores  between  the  groups,  they  will  be  described 
separa te 1y, 

Gjioup  H-li  — A total  of  ten  daily  food  and  water  intake 
scores  were  obtained  preoperati ve ly.  Powdered  Purina  Lab  Chow  was 
used  for  the  food  intake,  tap  water  for  the  water  intake.  Group  H-i 
animals  were  also  tested  on  a General  Biochemical  Hamster  diet;  in 
general  they  did  not  appear  to  find  this  diet  particularly  palatable 
and  further  use  of  this  diet  was  discontinued,  following  postoperative 
testing  of  this  group,  Postoperatively  the  animals  of  this  group 
had  difficulty  in  maintaining  body  weight.  Only  six  food  and  water 
intake  scores  were  obtained  postoperatively  since  most  of  the  time 
Che  lesioned  animals  had  Co  be  maintained  on  a palatable  wet  mash 

Group  H-1 1:  — Five  consecutive  days  of  food  and  water 
intake  were  obtained  preoperatively  In  ail  the  an  I ma Is  of  this  group. 
Some  of  the  amygdaloid  lesioned  animals  had  difficulty  In  maintaining 
body  weight  postoperatively  and  had  to  be  placed  on  a wet  mash  diet. 

At  least  ten  dally  food  and  water  intake  scores  were  obtained  from 
tirese  animals  postoperatively,  however.  Fifteen  daily  food  and  water 
Intake  scores  were  obtained  from  all  other  animals  In  this  group. 


The  fluallcy  of  t 


hypotha I 


operative 

presented 


he  totai  weights  of  pellets  h' 
nd  ten  postoperative  trials  u 


I i b feeding  are 
143  are  presented  li 


le  various 


A Kruskal-Wallis  test  (Siegel,  1956) 
significant  variations  In  the  preoperative  sco 
groups.  An  value  of  23,2,  significant  at  the  .001  level,  was 
obtained  from  a Kruskal-Wallis  test  of  the  postoperative  scores. 

Further  statistical  analysis  was  necessary  to  detennine 
which  groups  showed  significant  variations.  A iiewman-Keu Is  test 
(Winer,  1962)  was  adopted  for  this  purpose.  Winer  (1962)  indicated 
that  Che  number  of  subjects  should  not  be  coo  diverse  from  group  Co 
group.  Since  the  number  of  subjects  ranged  from  four  in  Che  operated 

amygdala,  and  septal  control  groups  were  combined  Co  form  an  operated 
control  group,  designated  OC.  The  pooling  of  the  three  groups  was 
I eg  I Clinate  since  a Kruskel-Wal  I Is  test  failed  to  reveal  a significant 
difference  between  them  (H  - 3. 12  P Z_  ■ l®^) • * Newman-Keu Is  test 
was  then  computed  between  the  five  groups.  The  results  of  l^ls 
test  are  presented  in  Table  3.  The  septal  animals  differed  from 
both  Che  operated  and  the  normal  controls  at  the  .0$  level.  Similar 

33 


Tab?e 


Pre-and  Postoperative  Mean  Weight  (Gms.)  of  Pellets  Hoarded 
per  Trial  under  Ad  Lib  Feeding  and  Deprivation  Conditions 


Ad  Li b Feeding  Deprivation 

Group  Preop,  Postop,  Preop.  Postop. 


Anygda  la 

tfen tromedla I 
Hypotha  iamlcs 

n . 7 

Operated  Controls 


363.1  24.2 
278.7  144,4 
226.6  18.1 

2S0.4  203.1 


434.5  46.6 

381.3  171.1 
396.1  67.1 

477.6  353.4 


Controls 


378.3 


273.3 


I Uefght  (Gms.)  of 


V 181. D 


A IW.3.0 


* P -05 


Cri  deal  Values 


.05  UveI  1338.0  1609.0 

.01  Uvel  1787.0  2045.0 

V « Ver>tro«nediE I HypotKa Idnic  Group 
S » Septa  I Group 
A « Amygdala  Group 


1773.0 

2199.0 

n - 8 


1890.0 


2307.0 


OCb  operate  Control  Group 
NC^  Normal  Control  Group 
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results  were  obtalnotl  for  the  ventromedial  group.  An  OMtnlnatlOn 
of  the  postoperative  mean  per  trial  of  each  group,  also  shown  in 
Table  2.  Indicated  that  the  septal  and  ventromedial  groups  showed 
si gni f icantly  lower  hoarding  scores.  The  hewman-Keu Is  test  did  not 
reveal  a significant  difference  between  the  amygdala  group  and  any  of 
the  groups.  In  an  effort  to  clarify  the  position  of  the  amygdala 
group  a series  of  Mann-Whitney  U tests  (Siegel.  1956)  were  perfortaed 
between  the  amygdala  group  and  the  experimental  and  control  groups. 

The  amygdalas  did  not  differ  significantly  from  the  control  groups. 

A significant  difference  (n"8.  n*  10.  8.  P/_.02)wes  found 

between  the  septal  and  amygdala  groups.  A significant  difference 
was  also  found  between  the  amygdala  and  ventromedial  groups  (n  ■ 7, 
n w 10.  IJ  w 6.  P /_  .002} . A I though  thi  s procedure  I s guestlonab  le. 
the  results  of  the  Mann-Whitney  tests  seem  to  Indicate  that  though  the 
amygdalas  suffered  a postoperative  reduction  In  hoarding  they  did  not 
differ  from  the  controls. 

The  daily  mean  hoarding  scores  for  the  pre-and  postoperative 
trials  under  ad  lib  feeding  are  presented  in  figure  I.  Trials  l-IO 
are  shown  followed  by  the  I9ch  and  20th  trials.  Trials  19  and  20  are 
Included  to  illustrate  the  preoperative  post-deprivation  hoarding 
trials.  An  examination  of  figure  I indicates  that  the  ventromedial 
and  septal  animals  show  a clear  decrement  in  hoarding  postoperati vely. 
The  amygdala  group  was  slightly  lower  than  the  control  groups.  There 

experimental  groups  during  the  postoperative  testing  period. 
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Inspecclon  of 


and  Figure  1 Indicates 


38 

U^ac  all 

groups  showed  a reduction  of  hoarding  over  the  postoperative  period. 
Computation  of  a WI Icoxon  Hatched  Fair  Signed  Ranks  Test  (Siegel, 

1936}  between  the  pre-and  postoperative  hoarding  scores  of  the 
animals  in  each  group  failed  to  show  a significant  reduction  in 
either  of  the  control  groups.  Significant  reductions  were  found 
for  all  of  Che  experimental  groups,  the  amygdalas  showed  significant 
drop  (1-7,  F /_  .05),  the  septa  Is  (T  - 0,  F .01) , and  the  ventro- 
modials  (1=0.  F .02).  Again  the  amygdala  group  appears  to 
occupy  an  ambiguous  position.  Although  the  results  of  statistical 
tests  between  the  postoperative  hoarding  scores  of  Che  groups 
Indicated  they  were  not  different  from  normals  end  operated  controls, 
Che  amygdala  group  did  show  a signMicant  drop  from  their  pre- 
operative values. 

Hoardina  Under  Deorivatlon  Conditions 
The  deprivation  schedule  used  for  pre-and  postoperative 
testing  produced  a decrease  of  approximately  S-ICR  In  body  weight. 

The  weight  of  pellets  hoarded  over  the  pre-and  postoperative  depri- 
vation trials  are  shown  in  Appendix  C.  A Signs  test  (Siegel,  1956) 
Indicated  the  preoperatl vely,  deprivation  produced  a significant 
increase  In  hoarding  (a  - 2.4,  F l_  .01).  This  was  tested  using 
the  preoperative  ad  lib  scores  from  Appendix  B and  preoperative  depri- 
vation scores  from  Appendix  C. 

The  approach  used  for  statistical  analysis  of  the  depri- 


vation 


Identical  to  that 


for  the  ana  lysis 
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lib  scores.  A Kruska l-Wa 11  is  tost  on  the  preoperativo  hoarding 
scores  did  not  reveal  a significant  difference  between  the  groups. 

A significant  i^  value  was  obtained  between  the  postoperative  total 
weight  hoarded  (H  « 22.9.  P^.OOi).  Aswith  the  postoperative 
ad  lib  scores  the  VC.  AC,  and  SC  groups  were  tested  with  the  Kruskal- 
Wellis  test  (H  ■*  4,96,  f /_  .097).  This  did  not  reveal  a significant 
difference  between  the  three  groups  so  they  were  pooled  to  form  a 
operated  control  group.  The  mean  weight  per  trial  for  each  group  is 
shown  In  Table  2.  The  results  of  a hewnian-Keuls  test  are  shown  in 
Table  4.  The  results  are  similar  for  those  found  under  postoperative 
ad  lib  feeding  condition.  The  septals  differ  significantly  from 
the  operated  control  groups  at  the  .01  level,  and  the  norne  I controls 
group  at  the  .05  level.  The  ventromed) a Is  differ  from  the  normals 
at  the  .05  level  and  the  operated  controls  at  the  .01  level.  Once 
again  the  amygdalas  do  not  differ  significantly  from  any  of  the  experi- 
mental or  control  groups. 

An  examination  of  the  postoperative  mean  weights  hoarded 

the  amygdalas  ware  again  lower  than  the  control  groups.  Once  more  a 
series  of  hann-UhItney  U tests  was  computed  between  the  amygdalas  and 
the  experimental  and  control  groups.  The  amygdalas  did  not  differ 
from  the  normal  controls.  Significant  differences  were  found  between 
the  amygdalas  and  septals  (n  8,  n - 10,  U ■ 4,  P ^ ,001)  , ventro- 
medials  (n  » 7,  n ■»  10,  U w 4,  P ^ .001)  , and  operated  controls 
(n  = 7,  n - 10,  U . 4,  P ^ ,01). 


Tsb1« 


336.0 

103.0 


Critical  Valufts 


.0$  Level  766.0  922.0 

.01  Level  1023.0  1171.0 

S ■ Septal  Croup 

V ■ Ventromedial  Hypothalamic  Group 

A B Amygdala  Group 

0C>  Operate  Control  Group 


1083.0 


1321.0 


NC«  Normal  Control  Group 


A further  exaniEnetton  of  the  postoperative  scores  presented 
In  Table  2 and  Appendix  C Indicated  that  the  experimental  groups 
»ere  relatively  unresponsive  to  postoperative  deprivation.  The 
operated  control  group  showed  a higher  mean  score  than  the  normal 
group  which  probably  accounts  for  the  significant  jj  value  between 
the  amygdalas  and  the  operate  controls. 

Figure  2 shows  the  dally  mean  weights  of  food  pellets  hoarded 
during  the  pre-and  postoperative  deprivation  trials.  As  with  the  ad 
lib  conditions,  the  septal  and  ventromedial  groups  show  the  greatest 
decrement,  with  the  amygdalas  occupying  an  intermedlata  position. 

The  postoperative  dai ly  scores  are  somewhat  below  the  preoperative 
values  for  the  control  groups  as  the  overall  means  In  Table  5 would 
Indicate,  The  operated  control  group  appear  to  exceed  the  del iy  means 
of  the  normal  group,.  Again  this  would  agree  with  the  means  shown  In 
Table  2.  There  appears  to  be  no  indication  of  an  upward  trend  In  the 
hoarding  of  the  experimenta Is  over  the  five  postoperative  trials. 

The  results  of  the  postoperative  deprivation  trials  did  not 
Indicate  that  the  hoarding  behavior  of  the  ventromedial  and  septal 
groups  was  significantly  affectad.  There  appeared  to  be  no  tendency 
for  the  behavior  to  rise  to  the  level  of  the  control  animals  during 
this  period.  Comparison  of  the  pre-and  postoperative  mean  weight  of 
pellets  hoarded  per  deprivation  trial  Indicated  that  there  was  a 
general  reduction  in  postoparative  hoarding.  Wl Icoxon  Hatched  Pair 
Signed  Ranks  tests  were  computed  for  each  group.  The  results  of  these 
tests  were  very  similar  to  those  found  between  pre-end  postoperative 
ad  lib  conditions.  Neither  of  the  control  groups  showed  e significant 


(swonviai  aad  aaoMwoH 
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decrease  In  costoperati ve  hoarding.  The  treatment  groups  ell  showed 
a significant  reduction  compared  with  the  preoperative  deprivation 
scores.  Amygdalas  showed  a significant  reduction  (T  ■ 4,  P .02). 
septals  (T  - 0.  P /_  .01).  and  ventromedia  1 s (I*  P dL  -05). 

Again  the  amygda  las  appear  to  show  a decrement  in  postoperative 
hoarding  but  the  drop  is  not  significantly  less  than  chat  experienced 
by  the  control  groups. 


Table  5 shows  the  pre-end  postoperative  mean  food  Intake 
scores  for  the  various  groups.  The  Individual  means  are  presented 
In  Appendix  0.  A Kruska l-Wal 11 s test  of  the  preoperaClve  scores  did 
not  reveal  overall  significance  between  the  groups.  A significant 
H value  (H  18.6,  P ^ .01)  was  found  after  a Kruska l-Ua I lis  test 


of  the  postoperative  scares.  As  with  the  hoarding  scores  the  AC, 

VC,  and  SC  groups  were  pooled  after  a Kruska I -Wa Ills  test  fa i led  to 
Indicate  a significant  difference  between  the  three  groups  • 0,7i 
P l_  .104).  The  results  of  a Nowman-Keuls  test  on  the  postoperative 
scores  are  shown  In  Table  6.  The  septal  group  shows  a significant 
increase  over  all  other  groups  in  postoperative  food  Intake.  The  post- 
operative Increase  is  20%  higher  in  the  septals. 

The  Increase  in  food  intake  shown  by  the  septal  group 
Is  reflected  In  an  obvious  weight  increase  illustrated  in  Figure  3. 

A Kruskal-Wal  Us  test  of.  the  body  weight  reached  by  the  various 
groups  on  the  15th  postoperative  day  failed  to  yield  a significant 
difference  between  the  groups,  A Kruska l-Ual 1i s test  of  the  amount 


Table  S 


d Postoperative  Mean  2^ 


Amygdala 
n - 10 

Van cromedla 1 
Hypotha lamic 
0-7 

Septal 
n - 6 

Operate  Control 

Normal  Control 
n - 8 


9.7 

9.3 

9.3 

9.7 


s Test  on  Postoperative  Mean  Fi 


1 Intake  Soares  (Sms.) 


V 8.5 


6.0  7.6  8.5 


Crf  ti ca I Values 
d.f,  - 40 

.05  Level  1.46  1.76  1.94 


V a Ventromedial  HypotHa lami o Group  n « 7 
S ■ Septal  Group  n » 8 
A ■ Amygdala  Group  n b IQ 


2.07 


2.52 


OC*  Operate  Control  Group 
NCb  Normal  Control  Group 
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of  weight  gained  or  lost  from  the  Test  preoperatfve  day  to  the  15th 
postoperative  day  produced  a significant  difference  (^  ■ 33<7i  f /_  ■OOi). 
The  weight  change  scores  are  presented  in  Appendix  E.  A Kruska l-Wa I ! i s 
test  on  Che  last  preoperative  day  on  the  body  weights  of  the  animals 
failed  to  show  e significant  difference  between  the  groups.  As  with 
the  hoarding  scores  the  weight  changes  for  the  three  operated  controls 
were  pooled  after  a Kruska I -Wa 1 1 Is  test  had  failed  to  reveal  slgnifi- 

flve  groups  are  shown  in  Tabie  7-  A Newman-Keuls  test  revealed  that 
Che  sepcals  showed  a significant  increase  at  the  .01  level  In  the 
amount  of  weight  gained  from  all  other  groups.  The  amygdalas  showed 
a decrease  at  the  .05  level  of  significance  from  the  hypothalamic 
operates  and  both  controls.  Inspection  of  Figure  3 Indicates  that  the 
amygdelas  do  show  a somewhat  lower  body  weight  level  over  the  post- 
operative period.  The  loss  of  weight  found  In  these  animals  is 
reflected  In  somewhat  lower  postoperative  food  Intake  means  as  shown 

The  pre-and  postoperative  mean  water  Intake  scores  are 
presented  for  each  animal  In  Appendix  F.  Kruska l-Wa 1 1 1 s tests  on 
both  preoperative  scores  and  between  postoperative  scores  failed  to 
yield  any  significant  differences.  Examination  of  the  pre  and  post- 
operative water  intake  means  does  not  reveal  any  significant  trends  in 


water  Intake. 
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Table  7 

Weight  In  Grams  Gained  or  Lost  From  Last  Preoperative  Day 
to  Fifteenth  Postoperative  Day 


Amygda las 

Weinhr  rhannp 

- 12.3 

Septals 

+ 23.2 

Ventromedial 

Hypothalamics 

• *■” 

Operate  Controls 

* .5t 

Normal  Controls 


Table  8 


riean  UeTght  Changes  (Gms.) 


*0.54  + 4.0  +23.2 

12.84*  16.3*  35.5** 

0.29  3.75  22.95 

3.46  22.66 

19.2 


* P L.  .05 
**  P iL  .01 

Critical  Va lues 


.05  Level  10.01  12.04  13,26 

.01  Uvel  13-37  15.29  16.45 

V « Ventromedial  Hypothalamic  Group  n **  7 

S ■ Septal  Group  n ■ 8 

A ■ Amygdala  Group  n ■ ID 


OCb  Operate  Control  Group 
NO*  Normal  Control  Group 


Nest  Rating* 


Seventeen  hemsters  were  I ndepenefenr ly  rated  on  nest  build- 
ing for  four  preoperetlvB  sessions.  A Speerman  Rank  Correlation 
Coefficient  was  confuted  between  the  scores  assigned  to  each 
animal  by  the  observers.  A coefficient  of  .92  was  obtained  between 
Che  two  observers. 

The  pre-end  postoperative  nest  rating  means  for  each  animal 
are  presented  in  Appendix  G.  Ratings  are  not  available  for  group 
H-l  animals  preoperaclve ly,  A Kruska I -Wa 1 1 is  test  between  the  septal, 
amygdala,  AC,  SC,  NC  animals  did  not  reveal  any  significant  variation 
preoperatively.  Postoperative  ratings  were  obtained  for  all  animals. 

A Kruska l-Wal 1 1 s test  of  the  postoperative  mean  ratings  of  all  animals 
produced  a significant  H value,  (H  • I7.7,  P /_  .01) . Inspection  of 
Appendix  F seems  to  indicate  that  only  the  septal  group  shows  a 
significant  decrease  in  postoperative  nest  construction.  A Kruskal- 
Wallis  test  was  run  using  the  postoperative  means  of  all  groups  except 
the  septal  animals,  no  significant  variation  was  found.  It  seems 
fair  Co  conclude  that  the  septal  group  Is  responsible  for  the  signi- 
ficant variation  between  groups.  The  finding  that  sepcel  lesions 
disrupt  nesting  behavior  has  already  been  reported  (Natalka,  19^). 

Summarv  of  Behavioral  Results 

1,  A significant  reduction  In  postoperative  hoarding  under 
ad  lib  feeding  was  found  in  both  the  septal  and  hypothalamic  groups. 
Although  the  amygdala  group  showed  a decrease  in  postoperative  hoard- 
ing, their  postoperative  scores  did  not  differ  5 Igni f Icantly  from  the 
control  groups’. 
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2.  Food  deprIvatTon  failed  to  increase  the  postoperative 
hoarding  of  the  septal  and  hypothalamic  groups  to  control  levels. 
Although  the  amygdalae  do  not  significantly  differ  from  the  normals 
postoperative  ly,  they  do  show  a reduction  in  hoarding, 

5.  The  septal  group  showed  a significant  Increase  in 
postoperative  food  intake  and  also  showed  a significant  weight 
Increase.  The  amygdalae  showed  a significant  drop  in  weight  post- 
operatively.  No  significant  changes  in  weight  or  food  intake  were 
observed  In  the  ventromedial  hypothalamic  group. 

4.  A significant  decrease  In  nest  building  activity  was 
observed  In  the  septal  group,  The  postoperative  nesting  scores 
of  the  amygdala  and  hypothalamic  animals  did  not  significantly  differ 
from  chat  of  the  control  groups. 

Histological  Results 

The  Knigge  and  Joseph  (1963)  Hamster  Allas  was  used  in  the 
examination  of  sections. 

Ventromedial  hypothalamic  lesions 

Alt  of  the  lesions  in  this  group  were  largely  confined  to 
the  medial  hypothalamus.  There  Is'some  variation  In  the  size  and 
locus  of  the  lesion  from  animal  to  animal.  The  hypothalamic  areas 
which  appear  to  be  consistently  damaged  are  the  ventromedial  nuclei, 
Che  dorsomediel  nuclei,  the  arcuate  nuclei,  Che  premamml I lary  nuclei, 
and  the  periventricular  striatum.  Ocher  structures  that  received 
some  degree  of  damage  were  Che  anterior  hypothalamus,  the  para- 
ventricular nuclei,  the  medial  maimnlllary  nucleus,  and  the  posterior 


Its  of 


$ of  damaga  to  Cl 


53 

to  tKe  pre-cormT sura  1 sepul  area.  Only  the  dorsaT  portions  of  the 
latere]  and  medial  septal  nuclei  were  damaged  in  these  animals;  there 
was  also  slight  damage  to  the  rostral  corpus  callosum. 

Itepresentatlve  sections  for  the  animal  having  one  of  the 
smallest  lesions,  K-lll  h,  and  one  of  the  largest,  H-ll  7,  are 
shown  in  Appendix  H. 

Amvodaloid  lesions 

Some  diversity  In  the  locus  and  size  of  the  lesion  was 
noted  in  the  amygdaloid  group.  All  of  the  animals  of  group  H-ll  and 
animal  H-ll I IJ  appeared  to  have  si  ml lar  lesions.  The  damage  seemed 
to  he  confined  to  the  basolateral  complex  with  the  lateralis  and 
centralis  nuclei  being  the  most  consistently  damaged.  The  stria 
termlnalis,  and  ventromadial  tip  of  ^e  external  capsule  also  appear 
to  he  consistently  damaged.  The  medialis,  pars  lateral-pars  medialls, 
anterior  amygdaloid  area,  claustrum,  Internal  capsule,  pyri form  cortex, 
sod  optic  tract  showed  some  degree  of  damage.  These  structures  do 
not  appear  to  be  consistently  or  severely  injured  In  these  animals. 

Animals  H-ll  I,  H-tll  16,  H-lll  20  had  lesions  smaller 
and  nore  ventrally  placed  than  the  above  animals.  The  pyriform  cortex, 
and  nucleus  cortlcalls,  and  nucleus  medialls  were  consistently  damaged. 
The  claustrom  and  external  capsule  eppear  Co  show  some  slight  Incidental 

Representative  sections  are  shown  In  Appendix  H for  animals 
H-ll  8 and  H-MI  16.  H-ll  8 and  H-lll  16  had,  respectively,  one  of 
the  largest  and  one  of  the  smallest  lesions  of  the  amygdaloid  group. 


DISCUSSION 


Introduction 

The  sepcel,  emygde loid , aid  ventromedial  hypothalamic 
areas  have  all  been  Implicated  In  ingestive  behavior  to  some  degree. 
Little  effort  has  been  made  to  examine  the  roles  of  these  areas  on 
an  unlearned  food-motivated  behavior  such  as  hoarding.  The  purpose 
of  this  study  »as  to  examine  the  relationship  of  these  areas  to  feed- 
ing and  hoarding  behavior  In  the  hamster. 

variables  studied  Indicates  that  no  two  groups  showed  a similar 
pattern  of  postoperative  changes.  The  septal  group  showed  severe 
deficits  Ih  hoarding  and  nesting,  while  food  Intake  and  body  weight 
Increased.  The  ventromedial  hypothalamic  lesioned  ^s  showed  a signi- 
ficant reduction  In  hoarding  behavior,  but  body  weight,  food  Intake 
and  nesting  appeared  to  be  unaffected.  The  amygdala  group  showed 
decreases  in  body  weight  and  hoarding  though  only  the  effect  on  body 
weight  was  significant.  Nesting  and  food  Intake  were  not  significantly 
changed.  The  operated  control  groups  were  not  significantly  different 


behaviora 1 


The  failure  ta  find  a postoperative  increase  In  food  Intake 

Skultetv  (I9&6)  did  not  find  a consistent  relationship  between  ventro* 
medial  hypothalamic  damage,  postoperative  hyperphagla,  and  obesity. 

Most  researchers,  however,  have  had  little  difficulty  in  producing 
hypothalamic  hyperphagia.  Obesity  in  the  rat  following  ventromedial 

(Wheatley,  I9M)  , the  dog  (He! nbecker  and  Uhi  te,  l9Wt) , the  mouse 
(Mayer,  french  and  Zighera  and  Barnett,  I99S} , the  monkey  (Hamilton  and 
Brobeck,  19&k) , and  the  ground  squirrel  (Satinoff,  1967), 

Although  the  hypothalamic  lesloned  hamsters  did  not  show 
a significant  increase  In  body  weight,  examination  of  Appendix  E 
indicates  that  at  least  two  animals,  H*lll  3 and  H- 1 1 1 IS,  show 
substantial  weight  Increases  postoperative 1y.  These  two  animals  also 

medial  nuclei.  Inspection  of  Appendix  E,  however,  does  not  indicate 

not  a doubling  or  a tripling  of  food  intake  as  was  reported  by 
Brobeck,  Tepperman  and  Long  (19A3)  following  uen tromed i a I hypothalamic 
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The  postoperatfve  deprivation  schedule  reduced  the  body 
weights  of  all  anldiaisi  there  Is  no  Indication  that  M-Ill  8orH-lll  18 
showed  increased  rate  of  weight  gain  after  being  renoved  from  the 
deprivation  schedule.  Hoebel  and  Teitelbaurn  (1966)  have  shown  that 
rats  made  obese  by  insulin  Injections  tend  to  shew  little  hyperphagia 
end  weight  galr\  following  van tromedia  1 hypotha lamic  lesions.  It 
might  be  suggested  that  the  hamsters  were  already  too  obese  and  might 
not  have  been  eipected  to  show  hyperphagia  and  obesity  after  hypo- 
thalamic damage.  H-III  8 and  K-lll  18  were  two  of  the  lightest  animals 
of  this  group,  howeverj  130  and  121  grams,  respectively.  On  Che  basis 
of  initial  weight,  thay  should  have  been  the  most  likely  to  show 


There  would  appear  to  be  two  general  explanations  for  the 
lack  of  postoperative  hyperphagia  In  the  hypothalamic  iesionad  hamster, 
first,  there  Is  the  possibility  that  a dlfferenca  exists  between 
the  hamster  and  other  species  as  to  the  role  of  the  vencretnedlal 
hypothalamus  and  feeding.  Second,  the  hypothalamic  lesions  did  not 
do  sufficient  damage  to  the  ventromedial  nuclei  of  Che  hamsters  to 
produce  hyperphagia.  There  was  some  variabTticy  In  the  extent  to  which 
the  yentromedlal  nuclei  was  damaged  in  the  animals  of  this  group. 


H-IM  18,  however,  should  have  been  npre  than  sufficient  to  produce 
hyperphagia  In  these  two  animals.  Only  the  production  of  ventronedla I 
lesions  in  a larger  number  of  hamsters  wl 1 1 resolve  the  question. 


Although  Stevenson  (1949)  has  reported  hypodipslj 


ventromedial  hypothalamic  rat>  no 
In  the  postoperative  water  Intake 


significant  changes  were  observed 
of  the  hypothalamic  lesioned 


The  reduction  In  hoarding  observed  In  the  hypotha laisic 
lesioned  hamsters  might  be  explained  by  the  general  decrease  In 

In  the  rat  (Hetherington  and  Hanson.  1942;  Teitelbaun,  1957:  Kennedy, 

1961;  Kennedy  and  HItra,  1963).  A postoperative  drop  in  activity  appears 
to  occur  if  the  medial  hypotha lanvrs  Is  lesioned  between  the  preoptic 
and  premammi llary  regions.  The  hypoactlvity  Is  independent  of  other 
effects  of  Che  lesion  (Gladfelter  and  Brobeck,  1962;  Kennedy  and 
Ml  era,  1963). 

Although  no  specific  data  were  collected  on  the  hypothalamic 
lesioned  hamsters  of  this  study,  two  ^s  did  show  a reduction  of  activity 

H-l 1 1 8 and  H-l 1 1 18  indicated  that  postoperatlvely  these  animals 
tended  to  show  a severe  reduction  in  the  number  of  entrances  to  the 

time  In  grooming,  eating,  and  sleeping.  This  contrasts  with  the 
behavior  of  hippocampal  lesioned  hamsters,  vdiich  also  show  a signi- 
ficant decrease  In  hoarding,  but  maintain  a relatively  high-level  of  act- 
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PostoperstTve  food  deprivation  Had  only  a slight  affect 
on  hoarding;  only  one  animat  K-tlt  18  showed  an  Increase  to  pre- 
operative  levels.  Teltelbaum  (1857)  shewed  that  the  ventromedial 
lesioned  rat  compared  to  normals  did  not  react  to  food  deprivation 


hamsters  do  not  re 
even  though  they  d 


. It  may  well  be  that  the  hypothalamic 
d deprivation  with  an  Increase  in  activity 


Although  there  Is  no  direct  evidence  relating  temperature  to 
hoarding  in  the  hamster,  hcCleary  and  Norgan  (I9A8)  found  an  inverse 


relationship  between  temperature  and  hoarding  In  the  rat.  It  might  be 
suggested  that  Che  deficit  In  hoarding  was  related  to  incidental 
damage  to  thermoregulatory  structures  In  the  hypothalamus.  Kinder  (1327) 
reported  a relationship  between  nest  construction  and  temperature  In 


show  a significant  postoperative  change  In  nest  bui Iding  would  argue 

lesions  (Hatalke  and  Ellis,  unpublished)  did  not  appear  to  differ  from 

disruption  of  hypothalamic  thermoregulatory  systems  Is  responsible  for 


id  body  M*iqht 


Camparison  of  Che  hiscologCcat  reepits  and  the  weight  gains 
shewn  In  Appendix  E indicated  that  the  animals  showing  a gain  of  30  or 
more  grams  over  the  fifteen  day  postoperative  period  had  large  lesions 

Possibly  Incidental  damage  to  the  thalamuc  or  caudate  nucleus  might 
have  Interfered  with  ingestlve  behavior  and  somewhat  retarded 
weight  gain,  increases  In  food  Intake  have  been  reported  in  Che  rat 
following  fornix  lesions  (Ehrlich,  1963)  and  hippocampal  lesions 
(Kimble  and  Coover,  1966).  Postoperative  Increases  In  food  Intake 
did  not  lead  to  obesity  in  either  the  fornix  or  the  hippocampal  damaged 


Thera  Is  a significant  increase  in  the  postoporaclve  food 
intake  of  the  septals  compared  to  the  lesion  and  control  groups,  however, 
the  septels  show  only  a 20%  Increase  in  postoperative  food  intake. 

There  Is  a relatively  slight  increase  compered  to  chat  seen  following 
ventromedial  hypothalamic  lesions  in  those  studies  where  hypothalamic 
hyperphagla  has  been  reported.  It  Is  possible  chat  ocher  factors, 
such  as  a decrease  In  accivl Cy,  ,niay  contribute  to  the  development  of 
obesity  In  the  septal  hamster,  Douglas  and  Raphelson  (1966)  reported 
an  increase  In  exploratory  activity  In  the  septal  rat,  but  a decrease 
in  locomotor  activity.  Although  rtatalka  (196k)  did  not  find  a 
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sfcfOTfTcdnt  change  in  exploratory  activity  In  the  septal  lasloned 
henster  It  nay  he  that  taptal  lesions  produce  a similar  decrease  on 
locomotor  activity  in  the  hamster. 

Harvey  and  Hunt  (1965).  Carey  (IS67),  Piati  and  Corens 
{!3&7)  have  reported  postoperative  increase  In  Che  water  Intake  of  the 

of  the  septal  lesloned  hamster.  The  hamster,  being  a desert  dwelling 
animal,  may  well  have  evolved  somewhat  different  mechanisms  of  water 
intake  and  would  not  be  effected  by  a septal  lesion  in  the  same 
fashion  as  the  rat.  It  Is  also  possible  that  the  authors  reporting 
increases  in  water  Intake  damaged  other  neural  structures  In  addition 
to  Che  septal  area.  The  lesion  which  Carey  (1967)  reported  as  having 
produced  an  Increase  In  water  intake  Is  quite  ventrally  placed  for 
a septal  lesion.  It  would  seam  likely  chat  this  type  of  lesion  would 
damage  the  preoptic  region.  A second  type  of  lesion  appeared  to  be 
more  closely  confined  to  Che  septal  region.  No  increase  in  water  intake 
appeared  in  rats  with  this  type  of  lesion.  The  septal  lesions  chat 
PizzI  and  Coren  (1967)  and  Harvey  and  Hunt  (1965)  describe  as  having 
produced  increased  ingestion  of  water  appear  to  damage  more  ventrally 

septal  hamsters  of  this  study  more  closely  resembled  those  which 
failed  Co  Increase  water  intake  In  Carey's  study, 

Hoarding  and  nesting  behavior 

The  septal  animals  suffered  severe  postoperative  reductions 
was  totally  abolished  in  those 


In  hoarding.  Hoarding  behavior 


animals 


received  large  lesions  daneging 


Stfne  sparing  of  tl'e  behavior  was  observed  In  hamsters  H-III  II, 

K-in  4,  and  H-T  4.  These  animals  suffered  little  or  no  damage  to 
the  post-coimlssural  fornix.  The  septals  like  the  hypothalamic  group 
showed  an  apparent  decrease  of  activity  in  the  hoarding  situation. 

Observation  of  hamsters  H-ll I 4 and  H-1 1 1 ) I indicated  that 
both  animais  showed  a postoperative  decrement  in  the  nimber  of 
runway  entrances  and  basket  approaches  during  the  hoarding  trials. 

TT^is  again  would  seem  to  be  compatibie  with  the  decrease  In  loco- 
motor activity  reported  by  Douglas  and  llaphelson  (1966). 

As  mentioned  above,  hippocampal  and  cingulate  lesioned 
hamsters  show  a postoperative  decrease  In  amount  of  pellets  hoarded, 
but  show  a considerable  amoung  of  activity  during  Che  hoarding  trials. 
The  nature  of  the  deficit  in  cingulate  and  hippocampal  animals  appears 
to  be  rtttre  a disruption  of  sequential  behavior  where  Che  septals  may 
be  showing  a general  lower  level  of  activity. 

Food  deprivation  did  not  restore  the  hoarding  behavior  of 
the  septals  postoperative ly.  In  fact.  It  appeared  to  have  virtually 
no  effect  at  ail.  Host  of  the  septal  group  had  gained  considerable 
amounts  of  weight  by  the  time  the  deprivation  trials  were  begun.  It 


operative  weight  levels  In  order  for  hoarding  Co  be  restored.  One 
difficulty  in  attempting  to  restore  hoardir^  behavior  by  food  depri- 
vation Is  the  fact  that  the  septals  can  spend  the  hoarding  trial 


eacf/ig  rather  than  hoarding.  A more  effective  way  restoring 
hoarding  in  these  animals  might  be  to  reduce  environmental  ti 

hamsters  (Natalka,  1964}  has  been  confirmed  end  extended  by  this  study. 
Examination  of  Appendix  ^Indicates  that,  as  with  hoarding,  the 
animals  showing  the  greatest  deficits  are  also  those  with  lesions 


severing  tl 


fornixs  In  face,  It  is  questionable 
that  hamsters  H*l 1 1 4 and  H- 1 1 1 II  even  show  a deficl t In  nesting. 

and  hamster  (bunnell  and  Goodman,  unpublished).  Scopalamine,  a drug 
believed  to  reproduce  certain  effects  of  hippocampal  ablation,  (Douglas 
and  Isaacson,  1966)  also  produces  a deficit  In  the  nesting  behavior  of 
the  hamster  (Burkett,  Natalka  and  Ellis,  unpublished). 

There  remains  the  possibility  that  the  deficit  In  nesting 
Is  due  to  changes  In  thermoregulation  produced  by  septal  daitega. 

Stuart,  Kawamura.  Hemingway,  and  Price  (1962)  were  unable  to  find  any 
changes  In  heat  loss  or  shivering  following  septal  lesions  in  the  cat. 
In  general,  there  appears  to  be  little  evidence  to  Implicate  the 
septal  area  In  temperature  regulation. 


Amvodala  Lesions 
Food  Intake  and  body  weleht 

The  reduction  in  food  Intake  and  significant  decrease  In  body 
weight  seen  in  the  amygdaloid  lesioned  animals  Is  similar  to  the 


Brobsck  (1952) 


effects  of  amygdaloid  lesions  In  the  rat.  Anand  and 
reported  transient  weight  losses  and  mild  aphagla  In  some  of  their 
amygdaloid  lesloned  rats.  Yanada  and  Greer  (I960)  reported  severe 
aphagia  and  weight  loss  following  amygdaloid  lesions  in  the  rat. 

Kling  and  Schwarta  (1961)  reported  persistent  aphagia  after  bilateral 

and  Kageyama  (1956)  found  similar  effects  following  amygdeiectomy  In 
young  rats  and  puppies.  Grossman  and  Grossman  (I96lr)  reported  an 
Increase  in  food  Intake,  but  not  an  increase  in  body  weight  following 
posterior  amygdala  lesions.  With  Che  exception  of  Grossman  and  Grossman, 
however,  most  researchers  reporting  hyperphagia  after  amygdaloid  lesions 
have  used  Che  cat  (rtorgane  and  Kosman,  1959,  Wood,  1956;  KoikogamI, 

Fuse,  Hlroki,  Kazamf , and  Kageyama,  1958).  It  Is  possible  chat  a 
real  species  difference  exists  between  the  rodent  and  cat  with  respect 
to  the  function  of  the  amygdala  in  ingostive  behavior. 

The  effects  of  amygdaloid  lesions  on  Che  body  weight  and  food 
Intake  of  the  hamster  does  not  appear  to  be  as  severe  as  that  observed 
by  Yamada  and  Greer  (I960),  KUng  and  Schwartz  (1961),  and  Kolkegami 
et.al.  (1958).  The  body  weights  of  every  amygdaloid  animal  showed  a 
postoperative  decrease,  targe  drops  In  weight  were  observed  In  hamsters 
H-M  14  and  H-ll  17.  Both  of  these  enimals,  particularly  H-ll  14, 


showed  substantial  postoperative 


these  animals  suffered  unilateral  damage  to  Che  internal  capsule. 


is  interesting 


(1967)  has  reported  persistent 


aphagia  following  unilateral  lesions  In  the  Internal  capsule. 

gains  of  these  animals.  Though  most  of  the  animals^  with  the 

weight  only  H>lll  I ever  exceeded  the  weight  recorded  Immediately 
pri or  to  operation, 

Koardlng  and  nesting  behavior 


preoperative  hoarding  level  hut  did  not  differ  from  the  normal  oontrols 
postoperatl ve ly.  The  reduction  In  hoarding  observed  In  the  amygdaloid 
group  night  be  due  to  a decrease  in  activity  similar  to  that  reportad 
In  rats  after  amygdaloid  damage  (Anand  and  Brobeck,  1952).  Observation 
of  the  number  of  runway  entrances  aid  basket  approaches  for  animals 
H-TII  1,  H-lll  13,  H-lll  lb,  and  H-lll  20  Indicated  that  though  these 
animals  showed  a slight  drop  in  postoperative  activity  In  the  hoarding 


n activity  Is  by  no  means  as  severe  as  that 
e hypocha lamics  and  septals.  Unfortunately, animals  H-lll  I, 
and  H-lll  20  had  somewhat  smaller  and  more  ventrally  placed 
an  the  lesions  of  the  remaining  enlmals  of  the  amygdaloid 


activity  compared  to  the  other  lesion  groups.  It  Is  more  likely 
that  the  drop  In  hoarding  and  activity  Is  secondary  to  Che  decreases 
in  body  weight  exhibited  by  several  of  the  animals  of  this  group.  A 
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further  cTrop  ii>  hoarding  was  exhibited  by  hamsters  H-ll  3,  H-11  6, 
H-11  16anctH-ii  17,  nor  did  H-  i I 8 and  H-1  i 19  show  substantia  1 


increases.  This  Is  what  one  would  expect  to  fl nd  If  physica 1 ly  w 
animals  were  further  weakened  by  deprivation. 

Bunnell,  Shalloway,  and  Sodetz  (1965)  reported  an  incre. 


between  the  food  pellets  and  their  home  cages  added  to  Che  decrease 
in  body  weights  observed  end  may  explain  the  contradiction  between 


Anand  and  brobeck  (1952)  reported  temporary  hypothermia 
following  amygdaloid  lesions  In  the  rat.  The  fact  chat  postoperative 

temperature  regulation  In  the  amygdaloid  lesioned  hamster. 

Theoretical  Discussion 

of  reinforcement  which  might  be  applicable  to  Che  results  of  this 

developed  as  a biological  mechanism  to  Insure  species  typical  responses 
to  appropriate  stimuli.  Gilckman  and  Schiff  have  followed  Bchneirla's 
(1959)  classification  of  behavior  Into  approach  or  withdrawal  patterns, 
Gllckman  and  Schiff  consider  feeding  and  drinking,  maternal  care, 
sexual  activity,  and  Investigatory  activity  to  be  examples  of  approach 
behaviors,  Withdrawal  patterns  constitute  avoidance  or  escape  from 


virlous  types  of  rvoKlous  stlmuH.  Although  Glicknan  and  Schiff  do 
not  specifically  discuss  hoarding  there  Is  little  doubt  that  this 
behavior  would  fall  under  the  approach  category  of  behavior, 

Gllckman  and  Schiff  have  identified  the  approach  behaviors 
with  the  lateral  hypothalamus  and  medial  forebraln  bundle.  High 
races  of  self-stimulation  or  feeding  can  be  obtained  from  stimulation 
of  lateral  hypothalamus  (Hergules  and  Olds,  1962).  Roberts  and  Carey 
(1965)  have  elicited  gnawing  and  nest  building  responses  from  stlmul- 
. scion  of  this  ares,  Herberg  and  Blundell  (1967)  have  produced  hoarding 
In  the  rat  by  lateral  hypothalamic  stimulation.  Olds  11956)  has  reported 
high  rates  of  self-stimulation  from  electrode  implants  In  the  septal 
area,  Robinson  (1964)  elicited  components  of  Ingestlve  behavior 
upon  stimulation  of  the  septal  region  In  the  rccnkey.  These  studies, 
plus  the  anatcmlcal  connections  between  the  septimi  and  medial  forebraln 
bundle  (GuIIlery,  1959l  Hauta,  I9561  Hauta,  1959;  Valenstel n and 
Nauta,  1959),  would  tend  to  Indicate  that  the  septal  area  should  be 
Included  In  the  epproech  system  of  G1  iclenan  a nd  Schiff, 

The  deficits  observed  In  the  hoarding  and  nesting  behavior 
of  Che  septal  lesioned  hamster  might  Chen  be  explained  In  terms  of 
a disruption  of  the  approach  system  postulated  by  Gllckman  and  Schiff. 
Septal  lesions  may  Interfere  with  Impulses  from  forebraln  structures 
which  act  to  Initiate  and  guide  behaviors  such  as  hoarding  and  nest- 
building. However,  the  septal  hamster  shows  an  Increase  in  food  intake. 
One  would  expect  on  the  basis  of  Gllckmanaid  Sehiff's  theory  to  find 
e disruption  in  feeding  as  well  as  hoarding  and  nesting.  Gllckman 
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and  Scniff  hava  not  df sci nguishad  batwean  conaumatory  and  appatftive 
behaviors  In  developing  cheTr  theory.  In  fact,  they  have  ascribed 
reinforcing  properties  to  the  approach-wl thdraMal  behevlor  sequences 
rather  than  restricting  ral nforcamant  to  consumacory  responses  such 
as  feeding  and  drinking.  Hiller  (195$)  has  suggested  chat  brain 
lesions  can  Increase  eating  but  decrease  food  motivation.  The  results 

It  would  appear  Chat  glickman  and  Schlff s theory  should  be  modified 
to  draw  some  distinction  between  eating  and  a food  motivated  response. 

sepuences,  they  are  not  particularly  specific  about  its  relationship 

sort  of  sensory  f I Iter  which,  "mod  I a Cos  the  effects  of  biological ly 
salient  stimuli."  This  concept  would  not  appear  to  be  compatible  with 


the  results  of  this  study.  The  amygdaloid  lesloned  hamsters  were 
certainly  capable  of  responding  Co  Che  appropriate  sensory  stimuli 
for  hoarding  which  are  likely  visual  and  olfactory  In  nature.  Douglas 
and  Pribram  (1966)  Implicate  the  amygdala  In  a reinforcement-registration 
process.  The  gist  of  Pribram  and  Douglas'  theory  would  seem  to  be 
Chat  the  amygdala  Is  Important  In  Che  Initial  registration  of  some 
experience  closely  followed  by  biologically  significant,  I.e.  "reinfor- 
cing" event.  They  term  Che  residual  impact  "Impellence"  which 
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appdrenrTy  alters  the  manner  in  which  the  eaperrence  wi 11  be  per- 
ceived by  the  organism,  The  amygdala  would  appear  to  be  involved  in 
the  increase  of  impellance  but  not  necessarily  In  its  storage.  It 

would  not  be  expected  to  be  seriously  disrupted  postoperative ly.  In 
general,  this  concept  of  amygdala  function  would  better  fit  the  results 
of  the  amygdaloid  tesioned  hamsters  gn  hoarding  than  the  Glickman 


8oth  approach  and  avoidance  behaviors  have  been  elicited 
by  medial  hypothalamic  stimulation  (bower  and  filler,  1358}.  In 
addition,  negative  and  positive  effects  have  been  reported  for  self- 
stimulation in  Che  medial  hypothalamus  (foschel,  1959).  The  apparent 
mixing  of  approach-withdrawal  responses  In  the  medial  hypothalamus 
makes  it  difficult  to  predict  the  effects  of  lesions  in  this  area. 

The  reduction  in  hoarding  found  In  the  hypothalamic  iesioned  hamsters 
would  suggest  that  damage  to  this  region  disrupts  approach  type  behaviors. 
The  fact  that  nesting  and  feeding  were  unaffected  following  medial 
hypothalamic  damage  contradicts  this  suggestion.  The  hypoactlvity 

explanation  for  the  hoarding  deficit  seen  in  the  hypothalamic  hamster. 


as  hoarding,  would  be  seriously  affected  by  lesions  In  this  area. 
Behaviors  repui ring  less  physical  activl ty  like  nest  bui Iding  would 
likely  remain  unaffected. 


Lesions  In  the  (redial  hypotKalamus  did  not  produce  a pattern 
of  changes  similar  to  that  seen  after  septal  or  amygdaloid  lesions. 

This  would  argue  against  a functional  relationship  between  the  medial 
hypothalamus  ar(d  either  of  these  two  Ilmbic  areas.  Both  septal  and 
hypothalamic  lesions  produced  similar  decreases  In  hoarding  and  both 

cause  the  deficit.  The  disruption  In  nesting  end  Increased  food 
intake  seen  only  In  the  septals  argues  for  a more  general  effect  of 
septal  lesions  on  appetitive  and  consumatory  responses,  rather  than 
activity  alone.  Except  for  the  fact  that  nesting  was  unaffected  by 
amygdaloid  and  hypothalamic  lesions, the  two  groups  were  not  similar. 

It  was  hypothesized  that  the  septal  and  amygdaloid  areas  might  play 

duce  the  Increase  In  hoarding  ytat  would  be  expected  under  such  a 
hypothesis.  However,  the  amygdalolds  may  not  have  been  (Ayslcally 
capable  of  demonstrating  an  increase  In  hoarding  due  to  the  weight 
loss  this  group  suffered  postoperatlvely. 

The  Increase  In  feeding  and  body  weight  In  the  septal  group 
and  general  decrease  In  these  variables  seen  in  the  amygdala  group 
indicate  a possible  reciprocal  relationship  between  these  areas  on 
the  feeding  behavior  of  the  hamster,  Since  medial  hypothalamic  lesions 
did  not  significantly  affect  eating,  these  areas  may  exert  their  Influ- 
ence on  lateral  hypothalamic  or  mldbraln  regions. 


vontrontedtal  hypociialdnus  of  the  Samstsr  ahd  other  species  with 
respect  to  food  Intake. 

The  results  of  this  study  confinn  earlier  reports  of 
obesity  In  the  septal  lesloned  hamster.  Food  intake  measures  indi- 
cated that  the  septa]  hamster  shows  evidence  of  hyperphagia.  Other 
factors  may  also  be  important  in  the  development  of  obesity.  A 
postoperative  reduction  in  activity  may  also  contribute  to  the  develop- 
ment of  obesity.  A reduction  in  activity  may  well  be  responsible  for 
the  postoperative  hoarding  deficit  seen  In  these  animals.  The 
deficit  observed  In  nesting  makes  It  more  probable  that  septal 
lesions  produce  a disruption  of  approach-type  behaviors  as  described 
by  Gllckman  and  Schiff  (ISb?).  The  greatest  increases  in  food  Intake 
and  weight,  and  conversely  the  greatest  decreases  In  nesting  and 
hoarding  are  associated  with  post-corapi ssural  septal  damage, 

Amygdaloid  lesions  In  the  hamster  seem  to  produce  a decrease 
In  body  weight  similar  to  that  seen  In  the  rat.  The  results  of  the 
hoarding  tests  did  not  confirm  the  Bunnell.  Shalloway,  Sodetz  (196S) 


finding  that  amygdaloid  lesions  increased  hoarding  in  the  hamster. 

In  fact,  a decrease  In  hoarding  was  observed  In  this  group.  The 
reduction  in  weight  may  have  produced  Inanition  which  rendered  these 

additional  reduction  In  hoarding  seen  in  most  of  these  animals  during 


The  results  did  not  confirm  the  hypothesis  of  e reclprocel 
relationship  between  Che  septal  and  amygdaloid  areas  wild;  respect 
Co  hoarding.  This  statement  must  be  qualified  in  view  of  the  weight 


weight  seen  after  septal  lesions  and  decrease  in  body  weight  and  foOi 
intake  after  amygdaloid  damage,  suggest  a reciprocal  relationship 

ho  direct  functional  relationships  appear  to  exist  between 
septum  and  amygdala  and  Che  medial  hypothalamus  for  Che  behaviors 


studied. 


SUHHARV 


This  Study  idveatTgaced  the  effects  of  septal,  antygdalold, 
and  nypothalainfc  lesTons  on  the  feeding  and  hoarding  behavior  of  the 
Syrian  Golden  hamster.  The  results  of  Che  previous  studies  Indicated 
that  the  limbic  and  hypothalamic  lesions  might  have  the  following 
effects:  (1)  septal  lesions  would  decrease  hoarding  and  Increase 
food  intake;  (2)  amygdaloid  lesions  would  increase  hoarding  and 
decrease  food  Intake;  (3)  ventromodial  hypothalamic  lesions  would 
decrease  hoarding  and  increase  food  Intake,  it  was  further  hypo- 
thesized that  the  septal  and  amygdaloid  areas  might  play  reciprocal 
Inhibition  roles  In  the  regulation  of  hoarding. 

Eight  septals,  ten  amygdalas,  seven  ventromedial  hypothalamics, 
eight  normals,  and  twelve  operated  controls  were  tested  pre' and 
pcstoperativeiy  on  hoarding.  Gaily  food  and  water  intakes  and  nest 
ratings  were  obtained  for  all  anin^ls. 

Septal  forebrain  lesions  produced  the  predicted  changes. 
Hoarding  wes  significantly  decreased  and  postoperative  food  Intake 

In  Che  amygdalas.  Postoparatively  Che  food  Intake  cf  Che  emygdalas 
was  reduced,  although  Che  decrease  was  not  statistically  significant. 

The  ventromedial  hypothalamics  showed  a significant  decrease  in  hoard- 
ing, but  fai led  to  exhi bi C a significant  increase  I n food  intake. 


but  wss  unaffected  by  hypothalamic  or  amygdaloid  lesions.  No  signi- 
ficant changes  were  seen  In  Che  water  Intakes  of  the  lesion  or 

The  deficits  in  hoarding  and  nesting  suggest  that  septal 
lesions  produce  a disruption  of  "appetitive"  behaviors, whi  le  In- 
creasing the  consumacory  response  of  eating.  Similar  effects  have 

weight  and  food  intake  reductions  seen  after  amygdaloid  lesions  are 
simi lar  to  findings  In  Che  rat.  I t was  suggested  that  the  fal lure 


of  the  amygdalofds  CO  show  Increased  hoarding  was  secondary  to  the 

The  pronounced  deficit  in  hoarding  seen  in  the  hypothalamic 
group  was  related  to  the  general  decrease  In  activity  seen  in  the 
rat  following  medial  hypothalamic  damage.  The  failure  to  find  an 
increase  In  food  intake  following  ventromedial  hypothalamic  damage 
indicates  that  this  area  may  not  be  involved  In  the  regulation  of 


The  results  of  this  study  failed  to  confirm  the  hypothesis 
that  the  septal  and  amygdaloid  areas  play  reciprocal  roles  In  the 
regulation  of  hoarding.  The  changes  In  food  Intake  produced  by  these 
lesions  suggested  that  these  areas  might  play  a reciprocal  role  with 
respect  to  feeding.  The  results  of  the  study  Indicate  that  brain  lesions 
can  independently  affect  feeding  and  hoarding.  The  results  of  this 


functional  relacTonshlp  between  cHe 


septal,  amygdaloid,  and  ventrcnedial  hypothalamic  areas  and  the 
behaviors  studied. 
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NESTING  ACTIVITY  SCALE 


APPENDIX 


T0C4l  Weight  of  Pellets  Hoarded  (Cms.)  for  Individual 
Anlrr^ls  Over  the  Pre-and  Postoperative  Hoarding  Trials 


Praop.  Poscop. 


Group  Preop-  Postop. 

Septal 

H-1  4 953.0  301.0 

H-ll  I 5009.0  0.0 

H-ll  2 4285.0  0.0 

H-ll  7 5103.0  5.0 

H-n  13  4552.0  0.0 

H-ni4  953.0  301.0 

K-IU  II  2315.0  1227.0 


6228.0  2428.0 
459-0  312.0 

796.0  6143.0 

2730.0  3242.0 


Control 


APPENDIX  6 (Contil 


Group  Preop,  Postop. 

Hypothalemic 

H-l  2 3261.0  61.2,0 


«-i  3 1231.0  182.0 

H-l  7 2893.0  137.0 


H-lll  18  276.0 


51132.0  $-3^.0 

1513.0  19.0 

2928.0  767.0 

2830.0  21.37.0 


Group  Preop.  Poscop, 

H-l  5 1692.0  2365.0 
M-t  15  2672.0  996.0 
H-ll  5 3263-0  3055-0 
H-ll  18  960.0  51.3.0 
H-m  2 6132.0  6352,0 

M-Ill  6 11.31.0  1267.0 
H-lll  9 I90lt.0  302.0 
H-lll  19  1398.0  2794.0 


Control 


APPEXOIX  C 

Total  Wolgnt  of  Pellets  Hoaraeil  (Gns.)  for  Individual 
Animals  over  the  Pre-end  Postoperative  Hoarding  Trials 


Group  Preop. 
Amygdala 


2852.0 


H-ll  17  2195.0 


33A,0 

346.0 

174.0 

360.0 

354.0 


K-lll  13  2279.0  2919.0 
H-llI  16  3051.0  2561.0 


H-ni  20 


76.0 


273.0 


Amygdala 

Control 

H-11  9 6610.0  857.0 

H-ll  16  2801.0  2439.0 

H-llI  14  2685.0  1713.0 

M-lll  17  430.0  1394.0 


Group  Proop.  Postop, 


648.0 


2103.0 

2185.0 


2911.0  15. 0 

2405.0  475-D 


Control 


H-ll  11  2457.0  2057.0 
H-ll  20  1549.0  2474,0 
H-ltl  3 1910.0  2534.0 

H-111  12  2914.0  2769.0 


APPENDIX  C [Contlnuea) 


Group  Preop. 
Hypochdlamtc 


H-I  2 2977.0  WS.O 
H-l  3 1103-0  172.0 
H-I  7 1503.0  221.. 0 
H-l  Ifc  2857.0  0.0 
H-I  16  2345.0  25.0 
K-in  8 2434.0  364.0 
M-UI  13  394.0  1099.0 


Hypochatairlc 

Control 

H-l  6 2951.0  6S2.0 

H-l  12  95.0  447.0 

H-ill  5 1970-0  1239-0 

H-lll  7 2282.0  2604.0 


Group  Preop.  Poatop. 

K-1  5 973.0  2160.0 

H-l  15  2056,0  725.0 
H-ll  5 2912.0  1715. 0 
H-U  18  1708,0  712,0 

H-UI  2 3040,0  3137.0 
H-UI  6 1821.0  564.0 
H-II1  9 2336.0  564.0 
H-111  19  291-0  1355.0 
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Pre*an4  Postoperative  Aean  Food  Intake  (Gjns.) 


Group  Preop.  Postop, 
Ainygddia 

H-n  3 9-3  7.2 

M-Il  6 11.6  7-8 

H-ll  8 12.3  6.6 

H-11  11.  10.5  3.3 

K-11  17  12.0  6-7 

H-11  19  12.1.  7.7 

H-111  1 8.3  7.1 

H-lll  13  7.7  7.2 

H-ni  16  8.1  7.0 

H-lll  20  9.3  8.1* 

Amygdala 

Control 

H-II  9 12.1  7.2 

K-11  16  11.6  8.9 

H-1U  14  7.2  6.8 


Group  praop.  Postop. 

H-l  4 11.5  9.0 


13.5 

9.7 

13.5 


6.4  8.5 

8.9  9.4 


Control 

H-11  II  9-0  7.2 
K-ll  20  12.1  8.1 
H-lll  3 7-5  6.9 


7.9 


8.3 


APPENDIX  0 (Continued] 


Hypocrvelemic 


H-l  16 
H-lll  8 
H-lll  I8 


Preop.  Poetop. 


H-1  5 1Q.2  10.0 
H-l  15  11.9  9.5 
H-ll  5 10-5  8.7 
H-ll  18  12.1  9-3 
H-llI  2 8,9  8.7 
M-Ill  6 8.5  7.9 
N-lll  9 7.3  7-6 
M-lll  19  7-9  8.5 


Hypothelanic 

Control 


1-1  5 
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UaiDlit  Change  (Gms.)  for  Individual  Animals 
Over  e PIfteen  Day  Posioperati ve  Period. 


Amygdala 


Amygdala 

Control 


Control 


13  +1.5 


S6 


APPENDIX  £ (Continued) 


Croup  Weight  Change 

Hypothalainic 


Group  Weight  Change 


H-1  15 
H'H  5 
H-n  13 


H-in  15 


+ 5.5 


Control 


K-I  12  -13.5 
H-lll  5 *8.5 
H-111  7 +12.5 


APP£NOI>; 


Pr0*and  Pcstopdratlvd  na^n  Water  Intakes  (His.) 
for  Individual  Animals. 


APPEKBIX  F (Continued) 


Hyf>OChd  tacnic 
K-1  2 11.2 

H-l  3 11.2 

H-l  7 6.A 

H-l  14  3.6 


9.8 

15-3 


Preop.  Postop. 


27.2 


29.0 

11.5 

13.8 


10.8 

13.8 


Control 

H-l  6 8.4  8.0 
H-l  12  7.0  5.8 
H-III5  22.0  7.3 
H-1117  25.0  17-0 


APPENDIX 


Pre-and  Postoperative  Keen  Nest  Aetings  for 
Individual  Anitne  1$. 


Group  Preop.  Postop. 

H-U  3 3.8  5.7 
H-n  6 6.0  5.5 
K-n  3 5.6  6.0 
K-ll  14  4.0  3.4 
H-H  17  S.a  3.6 
H-ll  19  4.8  5.0 
H-lll  1 6.0  5.9 
H-lll  13  5.4  4.5 
K'lll  16  5.4  5.6 
H-lll  20  5.0  5-5 


Group  Preop.  Postop. 


5.9 

5.7 


AfflygOe  le 
Control 
H-ll  9 
K-II  16 
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Group  Preop.  Postop. 
Kypothalanjc 


H-lll  IS  5.8 


K-ll  5 '*.2  5.7 
H-U  IS  4.6  5.8 
K-IU  2 5.4  5-9 
H-m  6 5.8  5-9 
H-lll  9 6.0  6.0 
H-lll  19  5.6  5.2 


Kypothaleinlc 

Control 

H-l  6 - 5.6 

H-l  12  - 6.0 

H-III  5 5.4  5.8 

H-in  7 5.4  5.1 
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Olagrains 


Smal le&t 


□ H 


Hypothalamic 


Hypothalami c H* 
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